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AEB0NAUI1C  SYMBOLS 


Metric 

English 

■  Symbol 

. 

Unit 

. 

Abbrevia¬ 

tion 

Unit 

■Abbrevia¬ 

tion 

I  .jfa-nNcrf-.lhi  _ 

1 

S-aJ? 

foot  (or  mile) . 

second  (or  hour)- _ 

It  (or  mi) 
sec  (or  hr) 

Time— ------ 

Fore© - - 

'  t 

F 

weight  of  1  kilogram - 

weight  of  1  pound - 

lb  >  ' 

■.  Power™- — --- 
Speed - - 

'  "  P 

horsepower  (metric)  -  -  -  -  - 

kph 

mps 

horsepower - - 

miles  per  hour — ----- 

hp 

mph 

j  V  ■■ 

/kilometers  per  hour - 

tmeters  per  second — - 

feet  per  second— — -  — 

fpa  ■  ! 

. 

_  Kinematic  viscosity  _ 

o  Density  (mass  per  unit  volume; 

Standard  density  of  dry  air,  0.12497  kg-ra  -s  at  IE  C 
and  760  mm;  or  0.002378  lb-ft  _  sec  ,,, 
Specific  weight  of  “standard”  air,  1.2255  kg/m  or 
0.07651  lb/cu  ft 


Stondmdlwceieration  of  gravity— 9.8066o  m/sJ 
or  32.1740  ft/sec3  •  •  / 

W  :  '  ■ 

Mass=— 

Momenf  of  inertia=mP. '  (Indicate  ms  of 
radius  of  gyration  k  by  proper  subscript.) 

’■  Coefficient  - of 'viscosity 

'  8.  aerodynamic  symbols 

Angle  of  setting  of  wings  (relative  to  thrust  But) 
Angle  of  stabilizer  setting  (relative  to  ■  thrust 

*  lme)  ;  ; . '  ,  -  -  V- 

Resultant  moment 
Resultant  angular  velocity 

XT'? 


■Area 

'  Area  of  wing 
Gap 
Span 
Chord 


5® 


JLi  '  V 

:  Aspect  ratios 
True  air  speed 
Dynamic  pressure,  gpV* 

Lift,  absolute  coefficient.  Ci=^g 

.  D 

Drag,  absolute  coefficient 
Profile  drag,  absolute  coefficient  Cp0=g5 

_  J)i 

Induced  'drag,  absolute  coefficient  CDiTqS 

•  — •  j). 

Parasite  'drag,  absolute  coefficient  0Bv—- 

Crosa-wind  force,  absolute  coefficient  Cc= 


Dn 


its 

if 

Q 

Q 

E  Reynolds  number,  p~~  where  lisa  linear  dimem 

sion  (e.g.,  for  an  airfoil  of  1 .0  ft  chord,  100  mph, 
standard  pressure  at  15°  C,  the  corresponding 
Reynolds  number  is  935,400;  or  lor  an  airfefi 
of  1.0  m  chord,  100  mps,  the  corresponding 
Reynolds  number  13  6,885,000) 
a  Angle  of  attack  .  a 

e  Angle  of  downwash 

Ct0  Angle  of  attack,  infinite  aspect  ratio  : 

at  Angle  of  attack,  induced 

aa  Angle  of  attack,  absolute  (measured  from  J«o« 
lSt  position) 

y  Flight-path  angle  y  V 
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SUMMARY 

j 

Design  charts  arc  dereloped  for  d/,S  1'  aluminum-alloy  flat  \ 
com  press  ion  panels  with  longitudinal  Z -section  stiffeners. 
These  charts  make  possible  the  design  of  the  lightest  panels  of 
this  type  for  a  wide  range  of  design  requirements.  I'.. ram  pies 

of  the  use  of  the  charts  are  giren  and  it  is  pointed  out  on  the 
basis  of  these  examples  that ,  orer  a  wide  range  of  design  condi¬ 
tions.  the  maintenance  of  buckle-free  surfaces  does  not  conflict 
with  the  achierement  of  high  structural  efficiency.  The  a  chi  ere-  j 
meat  of  the  maximum  possible  structural  e  fficiency  with  2/tS-T  I 
aluminum-alloy  panels  t  ho  we  rev ,  requires  closer  stiffener 
s  pacings  than  those  now  in  common  use . 

INTRODUCTION 


types  of  si ilfening  elements.  In  the  present  paper  the  same 
parameter  lias  hern  list'd  as  n  basis  for  tin'  preparation  of 
design  charts  from  extensive  test  data  on  24S-T  aluminum- 
alloy  Mat  compression  panels  with  longitudinal  Z-seetion 
stiffeners:  the  data  were  obtained  from  reference  2  and 
from  additional  tests  completed  since  publication  of  refer¬ 
ence  2.  These  charts  make  possible  the  choice  of  the 
lightest  panels  of  this  type  to  conform  to  a  wide  range,  of 
design  conditions.  An  appendix  is  presented  in  which  the 
procedure  followed  in  preparing  the  charts  from  test-  data  is 

/>. 

described  and  the  method  for  obtaining  ,  ,  -  as  a  natural 

’  T/\c 


parameter  against  which  the  average  stress  may  he  plotted  to 
obtain  a  direct  measure  of  structural  efliciency  is  developed. 


In  a  longitudinally  stiffened' compression  panel,  in  which 
all  the  material  is  active  in  carrying  load,  tin*  requirement  of 
minimum  weight  is  tantamount  to  that  of  carrying  tin*  load 
at  the  highest  possible  average  stress.  The  average  stress 
developed  by  such  a  panel  under  the  loading  conditions 
imposed  is  thus  a  direct  measure  of  the  structural  efficiency 
of  the  panel.  If  longitudinally  stiffened  compression  panels 
are  to  he  designed  for  high  structural  efliciency  without  a 
large  number  of  cut-and-lry  computations,  it  is  desirable 
that  design  charts  be  prepared  to  indicate  the  average  stress 
attainable  under  various  loading  conditions.  The  prepara¬ 
tion  of  such  charts  requires  that  a  suitable  design  parameter 
in  which  the  important  loading  conditions  are  incorporated 
be  found. 

It  has  been  found  that  a  suitable  parameter  for  longi¬ 
tudinally  stiffened  compression  panels  in  the  design  of 

l>. 

which  the  transverse  stiffness  can  be  neglected  is  * 

Jd  V  c 

where  Tt  is  the  compressive  load  per  inch  of  panel  width, 
L  is  the  panel  length,  or  distance  between  supporting  ribs, 
'and  c  is  the  coefficient  of  end  fixity  at  the  ribs.  The  quantity 
Tu  which  is  essentially  independent  of  the  distribution  of 
material  in  tin*  compression  panel,  can  be  estimated  for  a 
wing  panel  from  the  bending  moment  on  tin'  wing  and  the 
thickness  and  chord  of  the  wing.  The  length  L  may  be 
fixed  by  the  presence  of  such  installations  as  fuel  tanks  or 
armament  or  may  In*  arbitrarily  assigned  for  the  purpose  of 
arriving  at  a  trial  design. 

In  reference  1  buckling  stresses  were  plotted  against  the 
/> 

parameter  1  with  slightly  different  notation,  to  form 
Tj  M  c 

the  basis  of  a  theoretical  study  of  the  efficiencies  of  various 


SYMBOLS  AND  DEFINITIONS 

The  symbols  used  for  the  principal  panel  cross-sectional 
dimensions  are  indicated  in  figure  1.  In  addition,  .the 
following  symbols  are  used: 

A  i  cross-sectional  area  per  inch  of  panel  width,  or  equiva¬ 
lent  thickness  of  panel,  inches 
L  length  of  panel,  inches 

/\  compressive  load  per  inch  of  panel  width,  kips  per  inch 
Ec  modulus  of  elasticity  in  compression,  ksi 
c  rooflicient  of  end  fixity  as  used  in  Killer  column  formula 
k  coefficient  in  formula  for  local-buckling  stress 
p  radius  of  gyration  of  panel  cross  section,  inches 
7  nondimensional  eoeflicieiit  that  takes  into  account  re¬ 
duet  inn  in  effective  modulus  of  elasticity  when  panel 
fails  as  a  column  beyond  the  elastic  range 
<Tcr  critical  stress,  or  stress  for  local  buckling,  ksi 
ac  average  stress  at  column  failure,  ksi 
~cmaT  average  stress  at  local  failure,  ksi 
af  average  stress  at.  failure  for  any  panel,  ksi 


1 
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The  average  stress  at  which  any  particular  panel  fails,  <r/f 
may  lx*  a  local-failure  stress,  a  column-failure  stress,  oi  the 
stress  for  a  type  of  failure  intermediate  to  these  two.  Fail¬ 
ure  by  twisting  of  the  stiffeners  is  included  as  a  form  of  local 
failure.  Because  the  design  charts  are  based  on  actual  test 
data,  it  is  not  necessary  to  make  any  distinction  between 
local  and  twisting  failure.  Such  a  distinction,  moreover, 
would  be  at  best  an  arbitrary  one,  as  the  two  types  ot  failure 
are  interrelated  in  the  cast'  of  stiffened  panels. 

It  should  he  noted  that  the  local-failure  stress  a„,„xi  which 
represents  the  maximum  value  of  average  stress  that  can  be 
achieved  in  a  given  cross  section  as  the  panel  length  is  re¬ 
duced,  is  an  average  stress  til  failure  and  is  not  to  be  confused 
with  the  stress  for  local  buckling  cCT,  which  does  not  neces¬ 
sarily  imply  failure.  The  term  “local  buckling”  as  used 
herein  includes  both  buckling  of  the  skin  and  buckling  of  the 
stiffeners,  because  neither  of  these  elements  can  buckle  with¬ 
out  exerting  moments  on,  and  thus  causing  deformation  of, 
the  other  element. 

DESIGN  CHARTS 

Design  charts  for  24S-T  aluminum-alloy  flat  compression 
panels  with  longitudinal  Z-seetion  stiffeners  are  presented  in 
figures  2  to  5.  The  procedure  used  in  the  preparation  of  these 
charts  from  test  data  is  described  in  the  appendix.  \  alues 
of  Ai/tst  necessary  for  arriving  at  a  final  design,  are  given  in 
tables  1  to  3  for  a  wide  range  of  dimension  ratios. 

In  order  to  show  the  maximum  stresses  attainable  by  the 
use  of  panels  of  the  type  to  which  the  charts  apply,  envelopes 
arc  indicated  by  the  dashed  lines  for  each  value  of  the 
ratio  bs/ts  in  figures  2  to  5.  These  envelopes  have  been 
combined  (fig.  fi)  to  give  the  over-all  envelopes  for  the  four 
values  of  the  ratio  tw/ts.  The  values  of  bs/ts  and  bw/tw 
needed  in  order  that  a  panel  will  develop  the  stress  indicated 
by  an  envelope  are  also  given  in  figure  fi. 

p 

The  design  parameter  Against  which  stress  is  plotted 

in  figures  2  to  (i.  comprises  the  principal  design  conditions: 
the  compressive  load  per  inch  of  panel  width;  the  length  of 
panel,  or  distance  between  supporting  ribs;  and  the  coeffi¬ 
cient  of  end  fixity.  The  most  efficient  (lightest)  panel  for  a 
given  combination  of  these  conditions  is  that  panel  which 
will  develop  the  highest  average  stress  for  the  particular 

value  of  ^  ,,- 

Discussion  of  charts.— The  charts  include  a  wide  range  of 
panel  proportions.  All  the  charts  have  been  drawn  for  a 

value  of  -0.4;  it  is  shown  in  the  appendix  (figs.  17  to  20), 
bw 

however,  that  curves  for  ^  =0.3  and  0.5  would  be  in  close 

agreement  with  the  curves  for  ^=0.4.  The  curves  of  figures 

2  to  5  may  therefore  be  applied  with  reasonable  accuracy 
for  any  value  of  bF/bw  between  0.3  and  0.5.  The  available 
test  data  seem  to  indicate,  moreover,  that  the  most  efficient 
use  of  material  will  be  realized  if  a  proportion  in  this  range  is 
selected.  (See  appendix.) 


The  short  horizontal  lines  that  intersect  the  curves  of 
figures  2  to  5  indicate,  for  each  panel  cross  section  having 
appreciable  local  buckling,  the  stress  at  which  this  buckling 
occurs.  In  this  report  this  stress  is  taken  as  that  at  which 
the  compressive  strain  on  one  side  of  the  skin  or  the  stiffener 
web  begins  to  be  reduced  with  increasing  load.  This  defini¬ 
tion  of  buckling  is  convenient  for  structural  testing;  from  the 
standpoint  of  aerodynamic  smoothness,  appreciable  buckling 
probably  takes  place  at  stresses  somewhat  lower  than  those 
indicated  on  the  charts.  It  will  be  noted  that  for  some  of 
the  lower  values  of  bs/tR  and  bwftw  no  buckling  stress  is  shown. 
In  these  cases,  there  will  undoubtedly  he  some  buckling  but 
presumably  it  will  occur  at  a  stress  coincident  with  or  only 
very  slightly  below  the  failure  stress. 

It  is  pointed  out  that  for  —^=0.79  and  1.00  (figs.  4  and  5), 

the  curves  for  values  of  25  and  30  have  been  obtained 
ts 

entirely  by  extrapolation.  These  curves  should  therefore  be 
used  with  a  certain  degree  of  caution.  A  few  check  tests 
made  since  the  preparation  of  the  charts,  however,  indicate 
that  t!u‘  curves  will  in  no  ease  be  more  than  6  percent  un- 
conservative.  In  all  the  other  curves,  it  is  believed  that  any 
unconservatism  that  may  be  present  is  of  much  smaller 
magnitude. 

Discussion  of  tests  and  test  panels. — In  order  that  the  de¬ 
sign  charts  may  he  properly  used,  it  is  necessary  to  know 
something  of  the  test  panels  and  the  test  results  on  which 
tlu*  design  charts  an*  based.  The  details  of  these  tests  are 
described  in  reference  2;  some  of  the  pertinent  information 
regarding  the  tests  follows: 

The  tost  panels  consisted  of  six  stiffeners  and  five  bays. 
The  panels  were*  tested  flat-ended  and  without  edge  support. 
A  fixity  coefficient  of  3.75  was  used  in  reducing  the  test 
data  for  application  to  an  effective  pin-ended  length.  1  he 
average  compressive  yield  strength  for  the  material  of  which 
the  test  panels  were  constructed  was  about  44  ksi;  tlu*  min¬ 
imum  yield  strength,  about  41  ksi;  and  the  maximum  yield 
strength,  about  4(1.5  ksi.  The  rivets  were  countersunk  and 
were  driven  by  the  NACA  method  of  inserting  a  flat-head 
rivet  from  the  stiffener  side*  of  the  hole,  upsetting  the  rivet 
shank  into  the  countersunk  cavity,  and  milling  off  the  pro¬ 
truding  portion  of  the  upset  shank.  The  rivets  were  A17S-T 
(AN442AD)  and  were  of  the  sizes  and  spacings  indicated  by 
the  following  table: 


fw 

Rivet  sparine: 

Rivet  diameter 

Is 

Is 

ts 

0.  M 

10.0 

l.ftO 

.  tiU 

12.  :* 

1.S4 

.79 

12.  :i 

l.i» 

1.00 

11.7 

1.U5 

Because  the  compressive  strength  of  stiffened  panels  may 
he  affected  hv  the  size  and  spacing  of  the  rivets  used  to 
attach  stiffeners  to  skin  (reference  3),  the  rivet  attachment 
must  he  equivalent  to  that  indicated  by  the  foregoing  table 
in  order  to  be  sure  of  realizing  the  strengths  indicated  by  the 
design  charts. 
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USE  OF  DESIGN  CHARTS  AND  EXAMPLES 

If  shoot  materia!  could  be.  obtained  in  any  desired  thickness 
and  if  no  special  limitations  were  put  on  the  design,  it  would 
be  sufficient  merely  to  find  those  proportions  that  would  give 

the  highest  stress  for  the  given  value  of  ^  V  Because 

certain  limitations  are  usually  imposed,  however,  the  struc¬ 
ture  that  represents  the  best  compromise  of  all  the  require- 
meats  must  be  chosen. 

The  usual  gages  in  which  aluminum-alloy  sheet  is  manu¬ 
factured  are  such  that  if  the  four  ratios  of  twlts  in  figures  2  to 
(i  are  applied  consecutively  to  a  particular  skin  gage,  the 
four  stiffener  gages  that  result  will  generally  be  consecutive 
standard  gages.  Interpolation  between  the  curves  of  two 
consecutive  charts  (figs.  2  and  2.  ii  and  4,  etc.)  is  therefore 
unnecessary  for  most  practical  purposes. 

The  particular  procedure  to  be  used  in  obtaining  a  design 
from  the  charts  will  depend  on  the  nature  of  the  results 
desired.  Three  possible  methods  are  discussed,  and  examples 
are  given  of  designs  obtained  for  a  given  load  intensity  and 
three  different  lengths  by  each  of  the  methods. 

The  distinguishing  features  of  each  method  are 


Ideal  design: 

The  method  for  obtaining  the  ideal  design  gives  the  lightest 
panel  that  could  be  obtained  if  the  designer  were  not  re¬ 
stricted  to  the  list*  of  standard  sheet  gages.  The  design  is 
obtained  by  use  of  the  over-all  envelopes  of  figure  b  onl\ . 

Short  method: 

The  short  design  method  provides,  without  lengthy  com¬ 
putation,  a  near  approach  to  the  lightest  panel  that  can  be 
obtained  by  use  of  standard  sheet  gages.  The  design  is 
obtained  by  use  of  the  envelopes  for  given  values  of  bsits 
that  appear  as  dashed  lines  in  figures  2  to  5. 

Maximum  efficiency: 

The  method  of  designing  for  maximum  structural  effi¬ 
ciency  gives  the  lightest  panel  that  can  be  obtained  by  use 
of  standard  sheet  gages.  The  design  is  obtained  through  a 
complete  study  of  the  individual  solid  curves  in  figuies  2 
to  f>.  The  method  is  somewhat  lengthy;  examples  have 
been  worked  out  by  its  use,  however,  to  serve  as  a  chock  on 
the  short  method,  so  that  that  method  can  be  used  with 
confidence.  ■  } 


8 


REPORT  NO.  S27 - NATIONAL  ADVISORY  COMMITTEE  FOR  AERONAUTICS 


Each  of  the  three  methods  is  given  as  a  series  of  steps  for 
reaching  the  final  designs.  In  the  method  for  obtaining  the 
ideal  design,  the  detailed  computations  for  the  four  values  of 
twits  included  in  figure  (>  are  given  for  £=10,  20,  and  30 
inches  with  /h  =  3.0  kips  per  inch  and  r=l.  In  the  other 
two  methods,  the  detailed  computations  are  given  only  for 

£  =  20  inches  and  —  —  0.79,  again  with  /\=3.0  kips  per  inch 

ts 

and  r=I;  final  results  are  given,  however,  for  the  complete 
set  of  examples  considered  in  the  discussion  of  the  first 
method.  It  is  assumed  in  all  cases  that  a  skin  thickness 
of  0.004  inch  is  necessary  in  order  to  comply  with  other 
design  requirements.  A  value  of  by/bw  of  0.4  is  used  through¬ 
out.  In  arriving  at  the  final  designs,  no  values  of  the 
dimension  ratios  outside  of  the  ranges  covered  bv  the  charts 
are  given  consideration. 

Method  for  obtaining  the  ideal  design.  -The  ideal-design 
method  consists  of  picking  from  figure  0  the  optimum  pro¬ 
portions  and  the  stress  and  computing  from  these  the  actual 
panel  dimensions. 

The  values  and  computed  quantities  for  the  conditions 
previously  mentioned  are  given  in  table  4  and  an*  referenced 
to  the  steps  in  the  following  procedure: 


(1)  Compute 


1\ 

LNc 


(2)  From  the  curves  of  figure  (i  pick  off  for  each  value  of 
twits  the  values  of  bs/ts,  bw  t ir,  and  7/  corresponding  to  (la* 
Pi 


value  of 


LNc 


(3)  Pick  from  table  2  the  values  of  A {/fs  for  the  ratios 
determined  in  step  2.  (If  =  0.3  or  0.5  is  used,  table  1  or 

table  3,  respectively,  should  be  used  instead  of  table  2.) 

(4)  Compute 

Pt 


tg  = 


-  At 


ts 


This  formula  is  based  on  the  equality 

Pi^fAi 


(5)  Compute 


mi — t  us¬ 
es 

bs~t.s  ls 


bw—  x  t  w 
l\v 


This  procedure  results  in  four  designs  for  each  length, 
corresponding  to  the  four  values  of  twit  a.  for  the  given  condi¬ 
tions.  (See  table  4.)  The  values  marked  with  footnote1  a 
in  table  4  represent  those  chosen  as  approaching  most 
closely  the  desired  condition  of  /s— 0.064  inch;  these  values 
therefore  give  an  indication  of  the  proportions  needed  in  a 
practical  design  to  meet  the  design  requirements  most 
efficiently. 


The  resulting  designs  are  shown  as  the  ideal  designs  at  the 
tops  of  figures  7  to  9,  along  with  bar  graphs  of  the  average 
stress  at  failure  and  the  buckling  stress.  The  buckling 
stress  for  each  design  was  obtained  by  interpolation  from 
tin*  short  horizontal  lines  for  buckling  in  figures  2  to  5.  In 
some  cases  in  which  failure  is  by  column  action,  the  buckling 
stress  shown  by  figures  2  to  o  will  be  greater  than  the  failure 
stress  for  tin*  designs  obtained.  Whenever  this  difference 
occurred  in  the  present  examples,  the  buckling  stress  is 
shown  equal  to  the  failure  stress. 

Short  method  for  obtaining  a  practical  design. — The  short 
method  consists  of  picking  tin*  optimum  value  of  hw>tw  and 
the  corresponding  stress  for  each  value  of  bsfts  from  the  in¬ 
dividual  envelopes  of  figures  2  to  o  and  computing  from  these 
values  tin*  actual  panel  dimensions.  Panel  designs  that 
employ  standard  sheet  gages  are  then  selected  from  the 
various  designs  obtained. 

The  values  and  computed  quantities  for  £= 20  inches  and 

=0.79  are  given  in  table  5  and  are  referenced  to  the  steps 

•s 

in  the  following  procedure: 

/>. 

(1)  Compute  _  '  -• 

LI  \  t* 

(2)  From  the  curves  for  a  particular  value  of  tw/ts  (in  this 


example,  fig.  4  for 


tu¬ 

ts 


0.79  is  used)  pick  off  for  each  value  of 


bs/ts  the  values  of  bwltw  (by  interpolation  along  the  dashed 
envelope)  and  of  (from  the  envelope)  corresponding  to  the 


value  of  ,  ,  1  • 

L/\c 

(3)  Pick  from  table  2  the  values  of  A,/ts  for  the  ratios  de¬ 
termined  in  step  2. 

(4)  Compute 


(5)  Plot  bwltw .  ts ,  and  af  against  bs/ts  for  the  particular 
value  of  fn  ts.  (The  plot  for  the  example  being  considered 
is  shown  in  tig.  10.)  Tabulate  the  values  of  bsfts,  bw/tw .  and 
ar  corresponding  to  the  point  when*  ts  equals  the  specified 
value. 

(6)  Check  computations  by  picking  from  table  2  the  value 
of  Aj/ts  corresponding  to  tin*  ratios  tabulated  in  step  5.  If 
all  computations  and  plots  an*  correct, 

P,=  «,~ts 

*.s 

(7)  Compute 

i  f 

tw—J-'s 

Is 

i  bs  f 

bs=j-  ts 
Is 

i  bw  . 

qw—  —  lw 

iw 

(8)  Repeat  steps  2  to  7  for  other  values  of  fw/ts. 
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ts 

Front K  K).  I’lot  for  ohloininn  practical  design  hy  short  method.  kips  per  inch;  j 

/,  =  3 0  inches;  r=  I;  O.iHVI  inch:  n.7!». 

Like  t hat  for  the  ideal  design,  this  procedure  results,  for  j 
ouch  length  considered,  in  oik*  design  for  each  value  ol  j 
tw/ts.  It  may  not  always  he  possible*  to  find  satisfactory  | 
designs  under  the  conditions  imposed  for  all  values  of  j 
tn./tSm  (Note  that  no  designs  an*  given  in  figs.  S  and  !)  for  i 

— =0.51.)  All  the  designs  resulting  from  the*  use  of  tin*  short 
ts 

method  utilize  standard  sheet  pi  ires  and  meet  tin*  require¬ 
ment  that  /.s=0.0(>4  inch.  The  choice  of  design  now  de¬ 
pends  on  arriving  at  a  suitable  com  promise  I  h»  tween  high  si  ivss 
and  wide  stiffener  spacing.  If  tin*  prevention  of  buckling  . 
under  load  is  considered  important,  then  the  buckling  stress 
must  also  lx*  taken  into  account  in  making  a  choice. 

The  designs  obtained  by  carrying  out  tin*  foregoing 
proc(*dun*  for  tin*  several  values  of  L  and  twits  a n*  shown  as  j 
1  he*  short-met  hod  designs  in  figures  7  to  !)  along  with  bar  j 
graphs  of  t  hr  average  stress  at  failure  and  the  buckling  j 
stress. 

Method  of  designing  for  maximum  structural  efficiency.  - 
The  maximum-efficiency  method  consists  of  computing  the 
thickness  required  as  hs  ts  is  varied  for  each  value  of  bw  tw 
and  selecting  the  designs  for  which  tin*  skin  gage  is  equal  to 
that  desired.  The  procedure  results  in  a  series  of  possible 
designs  for  each  value  of  t w ■  ts*  from  which  those  designs  that 
provide  the  highest  average  stress  at  failure  can  lx*  selected. 

The  values  and  computed  quantities  for  L  -20  inches  and 
tu- 7\)  are  given  in  table  <>  and  are  referenced  to  the  steps 

in  the  following  procedure: 


;  ( 1 )  Compute  . 

hj  \  c 

(2)  From  the  curves  for  a  particular  value  of  twts  (in  this 
example,  fig.  4*  for  ^-=0. 79  is  used)  pick  off  for  each  value 

*s 

i  of  bwitw  and  bs/ts  the  value  of  Hf  corresponding  to  the  value 

Li  \  (' 

(2)  Pick  from  table  2  the  values  of  .1  ,//s-  corresponding  to 
(he  rat ios  use<l  in  step  2. 

(4)  Compute 

'-.'a. 

(5)  Plot  ts  and  Hf  against  bsfts  for  each  value  of  bwitw  and 
twits-  Plot  the  particular  value  of  bwitw  id  tin*  value  of  bs/ts 
for  which  ts  equals  the  spe(*ified  value  and  mark  the  value 
of  stress  at  that  value  of  bs/ts-  The  plots  of  this  step  for  tin* 
example  under  consideration  are  given  in  figure  11  as  tin* 
short  lines  for  tin*  several  values  of  bw/tw  indicated.  In  order 
to  avoid  unnecessary  confusion,  only  short  portions  of  the 

curves,  except  tin*  curve  for  —20,  an*  shown. 

t  w 

{(»)  After  step  5  lias  been  completed  for  all  the  values  of 
bwitw .  draw  curves  of  stress  and  of  bw/tw  against  bs/ts  through 
the  points  determined  in  step  5  (heavy  curves  in  lig.  II). 


inches;  c=l:  /.s=iunit  inch;*  n.TU. 
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(7)  Kadi  of  tin*  curves  drawn  in  step  0  represents  a  series 
of  designs,  all  of  which  have  the  required  value  of  ts  (in  this 
ease.  O.OtU  in.).  The  maximum  point  on  the  curve  ot  <s, 
indicates  the  design  for  maximum  structural  efficiency  for 
the  particular  value  of  tjt,.  Note  this  maximum  value 
of  or.  the  value  of  M.s  at  which  it  is  reached,  and  the  value  of 
which  can  he  picked  from  the  curve  of  b,{-/tn-  against 

Ms.  .  , 

(,S)  ('heck  computations  by  picking  from  table  -  t lie. 
value  of  .1,  ts  corresponding  to  the  ratios  selected  for  maxi¬ 
mum  structural  efficiency  in  step  7.  If  all  computations 
and  plots  art1  correct, 

I\ —  <T/  ^  ts 

(9)  Com  pule 


(10)  Repeat  steps  2  to  9  for  other  values  of  twits- 
This  procedure  results,  for  each  length  considered,  in  one 
design  for  each  value  of  twits-  ' Hie  choice  of  a  design  de¬ 
pends  on  arriving  at  a  suitable  compromise  between  high 
stress  and  wide  stiffener  spacing,  with  possible  consideration 
for  the  buckling  stress. 

The  designs  obtained  by  carrying  out  the  foregoing  pro¬ 
cedure  for  the  several  values  of  L  and  twits  an*  shown  as  tin1 
maximum-efficiency  designs  in  figures  7  to  9  along  with  bar 
graphs  of  the  average  stress  at  failure  and  tin*  buckling  stress. 

DISCUSSION 

Figures  7  to  9  provide  a  visual  comparison  of  the  designs 
that  result  from  use  of  the  three  methods  presented.  1  he 
short  method  of  design  gives  in  every  case  an  average  stress 
at  failure  verv  close  to  that  obtained  by  designing  on  the 
basis  of  maximum  structural  efiicieticy;  the  buckling  stress, 
however,  is  in  some  cases  somewhat  lower  than  that  lor  the 

maximum-eHiciency  panel. 

Whether  the  design  obtained  by  the  short  method  or  the 
design  for  maximum  efficiency  is  selected,  the  best design  lor 
/>i==;;o  kips  per  inch,  on  the  basis  of  stress,  is  obtained  at 

£=--1(1  in.-h.-s  with'"'  0.51.  nt  £=20  im-hes  with  =0.02. 

*.S 

mid  nt  l.—'M)  inches  with  y -0.70.  In  (itUire  <>.  however. 

•S 

the  highest  envelope,  which  gives  the  lightest  design,  is  t hat, 
for  !  .00.  This  apparent  eont  radiet ion  residts  from  the 


COMPRESSION-  PANELS  WITH  Z-SECTION  STIFFENERS 

fact  that  in  working  out  the  examples  a  skin  thickness  of 
0.094  inch  was  specified.  In  order  to  reach  the  curve  for 

|  Q0  (fig.  o) ,  a  study  of  table  4  shows  that  the  skin  thick¬ 
ness  would  have  to  be  0.034  inch  atL=l()  inches,  0.041  inch 
at  20  inches,  and  0.040  inch  at  30  inches.  Moreover,  the 
stiffener  spacings  for  designs  having  such  small  skin  thick¬ 
nesses  arc  very  small.  (See  table  4.)  Because  of  limitations 
on  skin  gages  and  stiffener  spacings,  therefore,  it  is  fre¬ 
quently  not  possible  to  reach  the  envelope  values  of  stress 
and  hence  the  lowest  possible  weight. 

Figures  7  to  9  show  that  the  best  panel  (that  with  highest 
Sf)  obtained  at  each  length  by  the  maximum-efliciency 
method  does  not  buckle  until  failure  or  very  close  to  failure. 
The  best  panel  designed  by  the  short  method,  although  it 
may  not  have  quite  so  high  an  average  stress  at  failure  as 
the  maximum-efficiency  panel,  also  does  not  buckle  until 
very  close  to  failure.  This  condition  has  been  found  to 
hold  true  over  a  wide  range  of  design  requirements.  It  is 
therefore  evident  that  over  a  wide  range  of  conditions  the 
maintenance  of  buckle-free  surfaces  does  not  conflict  with 
the  achievement  of  high  structural  eflicieney.  The  simul¬ 
taneous  achievement  of  both  these  ends  by  use  ot  24S-I 
aluminum-alloy  panels,  however,  apparently  requires  closer 
stiffener  spacings  than  those  now  in  common  use.  for 
example,  the  maximum-efficiency  designs  for  /\=3.0  kips 
per  inch  and  0.004  inch  have  the  following  spacings  for 
the  three  lengths: 

/.  ;  hS 

(in.)  i  ts  l'1'-' 

j  in  au»  1  l  •  ”*•* 

'  jo  rj.  i  :  «:» 

j  :to  |  ■!».«  i  2,.*r.  i 

CONC’LUDINd  REMARKS 

(’harts  are  j)  resen  tec  l  for  the  minimum-weight  design 
of  24S-T  aluminum-alloy  Mat  eompression  panels  with 
!  longitudinal  Z-sertion  stiffeners.  From  examples  based 
j  on  the  use  of  these  charts,  it  is  concluded  that,  over  a  wide 
I  r,*i nge  of  design  conditions,  tin*  maintenance  of  buckle-free 
surfaces  on  longitudinally  stiilened  compression  panels 
does  not  conflict  with  the  achievement  of  high  structural 
eflicieney.  The  achievement  of  the  maximum  possible 
structural  eflicieney  with  24S-T  ahtminum-alloy  panels, 
however,  requires  closer  stiffener  spacings  than  those  now 
ill  common  use. 

Lanorly  Memorial  Alrona  itica  l  Laroratory, 
j  National  Advisory  Committee  for  AKKONArrics, 

La nolky  Field,  Va.,  July 
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(7)  Each  of  the  curves  drawn  in  step  i\  represents  a  series 
of  designs,  all  of  which  have  the  required  value  ot  ts  (in  this 
case,  0.004  in.).  The  maximum  point  on  the  curve  of  ~of 
indicates  the  design  for  maximum  structural  efficiency  for 
the  particular  value  of  #„■//*■  Note  this  maximum  value 
of  ar,  the  value  of  bs/ts  at  which  it  is  reached,  and  the  value  of 
biyitw.  which  can  be  picked  from  the  curve  of  bw/tw  against 
bs/ts. 

(S)  Chock  computations  by  picking  lrom  table  2  the 
value  of  A  i/ts  corresponding  to  the  ratios  selected  for  maxi¬ 
mum  structural  ellieiency  in  step  7.  if  all  computations 
and  plots  are  correct, 

/\  =  V^  Is 

(9)  (impute 


;  _ b\V  . 

0\y—.  i  IV 
nr 

(10)  Repeat  steps  2  to  9  for  other  values  of  twits. 

This  procedure  n*sults.  for  each  length  considered,  in  one 
•design  for  each  value  of  tu-ts.  The  choice  of  a  design  de¬ 
pends  on  arriving  at  a  suitable  compromise  between  high 
stress  and  wide  stiffener  spacing,  with  possible  consideration 
for  the  buckling  stress. 

The  designs  obtained  by  carrying  out  the  foregoing  pro¬ 
cedure  for  the  several  values  of  L  and  /„•//*  are  shown  as  the 
maximum-efficiency  designs  in  figures  7  to  9  along  with  bar 
graphs  of  the  average  stress  at  failure  and  the  buckling  stress. 

DISCI  SSION 


Figures  7  to  it  provide  a  visual  comparison  of  the  designs 
that  result  from  use  of  the  three  methods  presented.  The 
short  method  of  design  gives  in  every  case  an  average  stress 
at  failure  very  close  to  that  obtained  by  designing  on  the 
basis  of  maximum  structural  efficiency;  the  buckling  stress, 
however,  is  in  some*  cases  somewhat  lower  than  that  for  the 
maximum-efliciency  panel. 

Whether  the  design  obtained  by  the  short  method  or  the 
design  for  maximum  efficiency  is  selected,  the  best  design  lor 
/A  — kips  per  inch,  on  the  basis  ol  stress,  is  obtained  at 

L  It)  inches  with/,r  at  /.  - 20  inches  with  <U>3, 

<S  s 

and  at  A“30  inches  with  "  -0.79.  In  figure  (*>.  however. 


iht*  highest  envelope,  which  gives  the  lightest' design,  is  that, 
for /,r  !  .00.  This  apparent  contradiction  results  from  the 

*  S 


fact  that  in  working  out  the  examples  a  skin  thickness  of 
0.004  inch  was  specified.  In  order  to  reach  the  curve  for 

-5-—  1 .00  (fig.  0),  a  study  of  table  4  shows  that  the  skin  thick- 

f.s 

ness  would  have  to  be  0.034  inch  at  L=  10  inches,  0.041  inch 
at  20  inches,  and  0.040  inch  at  30  inches.  Moreover,  the 
stiffener  spaeings  for  designs  having  such  small  skin  thick¬ 
nesses  an*  very  small.  (Set*  table  4.)  Because  of  limitations 
on  skin  gages  and  stiffener  spaeings,  therefore,  it  is  fre¬ 
quently  not  possible  to  reach  tin*  envelope  values  of  stress 
and  hence  the  lowest  possible  weight. 

Figures  7  to  9  show  that  the  best  panel  (that  with  highest 
cf)  obtained  at  each  length  by  tin*  maximum-efficiency 
method  does  not  buckle  until  failure  or  very  close  to  failure. 
The  best  panel  designed  by  the  short  method,  although  it 
may  not  have  quite  so  high  an  average  stress  at  failure  as 
the  maximum-efliciency  panel,  also  does  not  buckle  until 
very  close  to  failure.  This  condition  has  been  found  to 
hold  true  over  a  wide  range  of  design  requirements.  It  is 
therefore  evident  that  over  a  wide  range  of  conditions  the 
maintenance  of  huekle-frce  surfaces  does  not  conflict  with 
the  achievement  of  high  structural  efficiency.  The  simul¬ 
taneous  achievement  of  both  these  ends  by  use  of  24S--T 
aluminum-alloy  panels,  however,  apparently  requires  closer 
stiffener  spaeings  than  those  now  in  common  use.  For 
example,  the  maximum-efficiency  designs  for  />t  =  3.0  kips 
per  inch  and  ts  0.0G4  inch  have  the  following  spaeings  for 
tin*  three  lengths: 

/,  t‘S 

(ill.  I  fs  (in. 1 

m  in.  n  l.T'.i 

•JO  12  I  2,  IV.I 

j  jo  :ii  ii  j.  .'iii 

CONCLUDING  REMARKS 

(’harts  are  presented  for  t hi*  minimum-weight  design 
of  24S  T  aluminum-alloy  flat  compression  |)anels  with 
longitudinal  Z-section  stiffeners.  From  examples  l>ased 
on  the  list*  of  th(*s(»  charts,  it  is  concluded  that,  over  a  wide 
ramre  of  design  conditions,  the  maintenance*  of  buckle-free 
surfaces  on  longitudinally  stiffened  compression  panels 
does  not  conflict  with  the  achievement  of  high  structural 
efficiency.  The  achievement  of  tlu*  maximum  possible 
structural  efficiency  with  24S  T  aluminum-alloy  panels, 
however,  requires  closer  stiffener  spaeings  than  those  now 
in  common  use. 

Langley  Memorial  Aeronautical  Lakoratorv, 

National  Advisory  Committee  lor  Aeronautics, 
Langley  Field,  \  a.,  July  1  !).$». 
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CHARTS  FOR  DESIGN  OK  --T  A LUM IN UM-A LLO V  COMPRESSION  DANEDS  WITH  -SECTION  STIFFENERS 


as  a  guide  in  fairing  the  curves,  and  the  curves  will  he 
shown  to  be  reasonably  accurate  for  any  value  ol  bF/bw 

between  0.3  and  0.5.  _ rf  . 

Determination  of  stress  for  local  buckling  a  r.  If  the 
panel  did  not  buckle  locally  before  failure,  the  theoretical 
results  thus  far  presented,  used  in  conjunction  with  vahws 
of  would  be  sufficient  to.  construct  a  design  mive 

of  vi against  ^  -  for  any  panel.  A  typical  curve  for  panels 

that  do  not  buckle  before  failure  is  shown  in  figure  13. 
Unless  the  width-thickness  ratios  of  the  various  plate  ele¬ 
ments  of  the  panel  are  small  or  the  panel  is  relatively  long, 
however,  there  will  generally  he  some  local  buckling  bcfo.e 
failure  When  this  buckling  takes  place,  the  cross-sect. ona 
moment  of  inertia  of  the  panel  is  reduced  by  the  presence  ol 
ineffective  areas;  the  original  curve  of  column  stiength 
therefore  no  longer  applies  and  the  point  at  which  buck  ing 
takes  place  must  be  connected  with  the  line  for  local  fa.luic 
l,v  means  of  a  reduced  curve.  A  typical  curve,  adjusted  for 
the  effects  of  local  buckling,  is  shown  in  figure  14. 

The  foregoing  discussion  shows  that  it  is  necessaiy  o 
know  the  stress  at  which  buckling  takes  place  Data  on 
buckling  stresses  from  reference  2  plus  additional  data  now 

available  arc  therefore  plotted  in  figure  15  for  6'=<>-4-  I5l‘- 

eause  the  measured  value  of  b/t  for  the  element  (skin  or 
stiffener  web)  that  first  showed  buckling  in  a  test  panel  \vas 
never  in  exact  agreement  with  the  specified  nominal  value, 
the  observed  buckling  stresses  from  reference  2  were  cor¬ 
rected  for  use  in  figure  15  according  toU.c  following  formula: 

(  f  )  mtanurrd 

{<?  cr}  corrected  —  \<Tcr)  observed  /  \ - 

\  t  J  nominal 


_ _ 1- 

.LOC 

'lure  -s 

trengt 

h 

T 

/ 

/ 

- Co. / 

umn  s 

trenqt 

\ 

h 

1 

.1 — 

Local  - 

fa/lur 

e  Stre 

>ngth  -, 

■ 

a 

■ 

B 

a 

a 

a 

■ 

a 

a 

a 

a 

a 

— 

BuckHt 

— 

nq  str 

SI 

a 

a 

a 

— 

Column 

strer 

1 

qih 

1 

a 

■S 

a 

a 

a 

a 

■ 

a 

a 

a 

LjSc 


Figure  14.— Typical  design  curve  for  panels  that  buckle. 


Ijyfc 

Figure  13.— Typical  design  curve  for  panels  that  do  not  buckle. 


Kir.UKB  15.  -Stress  (or  local  bucklimt  of  J1S-T  aluminum-alloy  Hat  panels  wich  Z-soclion 


stiltencrs.  1'5I. 
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5iep 1  Step  2  StepS 


fn’it'KK  Hi.  —  I llusf mtioii  nj  pnitviltm*  usnl  in  prcpunition  of cicsj^n  churls. 


where  th<»  value  of  bjt  is  that  for  tlu*  w<*l>  of  the  stiffener  or 
for  the  skin  between  stiffeners,  depending  on  which  of  these 
elements  first  gave*  evidence  of  buckling.  This  correction 
formula  is  based  on  the  fact  that,  other  factors  being  equal, 
the  critical  stress  is  inversely  proportional  to  the  square  of 
the  width-thickness  ratio.  No  account  is  taken  herein  of  the 
fact  that  this  relationship  is  not  entirely  true  for  stresses 
beyond  the  elastic  range;  it  is  assumed  that  neglecting  this 
fact  will  have  no  significant  effect  because  tlu*  total  correct  ion 
is  relatively  small. 

The  method  used  in  fairing  curves  through  the  test  points 
in  figure  lf>  is  as  follows: 

For  the  horizontal  portions  of  tin*  curves  on  the  right-hand 
side  .of  figure  1.7,  the  skin  is  primarily  responsible  for  the 
buckling;  the  ordinates  for  t In*  curves  in  this  region  an* 
determined  by  drawing  average  lines  through  tin*  lest 
points.  As  tlu*  value  of  /»■  bw  is  reduced,  however,  the 
responsibility  for  the  buckling  shifts  to  tlu*  stiffeners  and 
there  is  a  reduction  in  <rfr.  In  the  absence  of  adequate  test 
data  for  low  values  of  tlv  />u*.  certain  theoretical  considera¬ 
tions  an*  used  for  determining  the  values  of  ai;r  in  this  region. 

It  is  possible  to  describe  certain  limiting  conditions  that 
determine  curves  between  which  the  correct  curves  must  lie. 
As  the  value  of  twjb\y  approaches  zero,  with  all  other  dimen¬ 
sion  ratios  hold  constant,  tin*  skin  tends  to  become  infinitely 
stiff  by  comparison  with  the  stiffener  and  tin*  stiffener  ap¬ 
proaches  a  eondit  ion  of  complete  fixity  at  the  edge  where  it  is 
attached  to  the  skin.  This  eondit  ion  of  complete  fixity  repre¬ 
sents  the  upper  limit  of  buckling  stress.  The  value  of  /*,  tin* 
coclliciont  in  the  formula  for  local-buckling  si iv»  (reference 
4).  when  applied  to  the  stiffener  web  may  be  taken  for  this 
condition  as  the  geometric  mean  of  the  value  of  k  for  the 

web  of  a  Z-seetion  column  with  »  '  -0.4  (about  .*>.77,  see 

0  »' 

reference  4)  and  the  value  of  k  for  a  flat  plate  fixed  at  both 
edges  (about  0.98,  see  reference  ">).  This  value  of  /•  is 
\8.77  ■  9.9N.  or  .7.18.  The  upper  dashed  curve  in  figure  1.7 


gives  a(T  for  /•-AIT  Tin*  use  of  the  geometric  mean  of 
values  of  k  to  obtain  the  critical  stress  for  a  plate  with  differ¬ 
ent  restraints  along  tlu*  two  unloaded  edges  is  discussed  and 
justified  for  practical  use  in  reference  f>. 


When 


it  is  a  reasonable  and  probably  conservative 


assumption  to  consider  the  stiffener  hinged  at  tin*  edge 
when*  it  is  attached  to  the  skin.  This  hinged  condition 
represents  the  lower  limit  of  buckling  stress.  The  value  of 
k  lor  the  web  of  the  stiffener  may  be  taken  for  this  condition 
as  the  geometric  mean  of  8.77  for  the  simple  Z-seetion  and 
the  value  lor  a  flat  plate  hinged  at  both  edges  (4.00.  see 
reference  “>)  or  /•  —  y  8.77  ■  4.00  -  8.XX.  The  lower  dashed 
curve  in  figure  1.7  gives  a.,  for/*  8. XX.  In  tlu*  preparation 
ol  tlu*  two  dashed  curves,  tlu*  effect  of  reduction  in  the  modu¬ 
lus  of  elasticity  lor  stresses  beyond  tlu*  elastic  range  was 
determined  from  results  of  tests  of  2  IS  T  aluminum-alloy 
columns  of  Z-.  channel,  and  H-seelion  that  develop  local 
instability. 

Tin*  solid  curve  on  tlu*  left-hand  side*  of  figure  1.7  is  drawn 
in  to  give  a  gradual  transition  from  tlu*  lower  dashed  curve 


in  tlu*  region  when*  11  toward  the  upper  dashed  curve 

'  ir  '> 


as  tnjbiy  approaches  zero.  In  tlu*  region  where  the 

•  ir  's 

curves  are  laired  into  the  horizontal  linos  drawn  through 
the  test  points.  A  single  curve*  was  considered  sufficient 
for  all  values  ol  t\y  ts  for  tlu*  left-hand  portion  of  figure*  17. 
because  tlu*  few  te*st  points  that  wen*  available  in  this  region 
indicat'd  that  tin*  individual  curves  would  hr  close* 
together  us  to  he  almost  indistinguishable. 

The  curves  of  figure*  I  like*  those  of  figure*  12.  were  eross- 
plotlod  to  give*  buckling  stresses  for  tlu*  intermediate  values 
of  bs/ts  that  appear  in  figure's  2  to  .7. 

Preparation  of  final  curves.  The*  procedure  used  in  the* 
preparation  of  the*  final  curve**  of  figure's  2  to  ;7  is  illustrated 
in  figure*  19.  An  outline*  of  this  procedure  is  as  follows: 


.<? 


A 


jol.  , 

M/c 


Hips  tin. 
in. 


.:k  17.  1  nrism,  «l  .««>  .lu.a  will.  '"r  -1' 


(1)  Draw  curve  for  eolumn  strength  corresponding  the 
,  „r  p,l,  for  the  panel  cross  section,  for  the  curves ol 

,v„s  obtained  from  e.pmtions  (5)  ..ml  («)  «n«l  ti.I.le  I.. .11 

r,‘r>rVMo?  thi-  values  of  stress  for  local  buckling  and  h-r 
local  failure  of  panel  obtained  from  the  cross  plots  ol  th. 

rum1-*  in  liuun'S  12  ami  !•>•  . 

(;!)  Plot  available  test  .lata  ami  fair  curves  between 
,)tl(.kling  stress  ami  local-failure  stress.  Tins  huring  was 
done  lies,  for  those  curves  for  which  test  .lata  were  available. 
11...  remaining  curves  were  then  faire.l  in  a  manner  consistent 

with  1  ht’  i‘iirvrs  allVittl v  r>lal>li>ln‘tl. 

,  „  ,Vw  cases  (low  bs t,  with  hurl,  1>M  H«e  ««*  .lata 
indicated  that  the  curves  .li.l  not  follow  the  smooth  Iranst- 
„.(\veen  column  and  local  failure  in.licate.l  by  hgurc  l«, 
K.L.!  the  curves  ten.le.l  to  ben.l  over  sharply,  u,  some 
,,1S(.s  even  below  the  hucklin.tr  stress  given  by  hguu  !•>.  an  I 
to  follow  verv  nearlv  a  straight  lute  up  to  the  a  \  enure  s  ss 
for  local  failure.  No  explanation  is  olfere.l  lor  tins  phenom- 


T  Ha*  will*  Z-s«*f.inn  slilTi'iH>rs.  ,_s  -n.M. 

i  con;  the  available  lest  .lata  were  usc.l  as  the  sole  guide 
for  fairintr  the  curves  in  these  cases. 

Correlation  between  design  curves  test  d*  *' 

tes,  data  of  reference  2  as  well  as  the  a.bh, tonal  .  n  dc 

available  since  the  publication  ol  relerenoe  2  ....  plott.U 

against  the  .-arameter  ^  in  figures.  7.  o  20.  Appropriate 

curves  taken  from  figures  2  to  f,  are  also  drawn  in  these  l.g- 
ures  and  good  agreement  between  the  final  design  curves  and 


h, 


,cs.  data  for  0.4  exists  tbronghou.  the  range  of  the 


data.  In  order  to  make  it  possible,  d  desired,  to  thick  the 
correlation  on  a  larger-scale  plot .  the  test  data  lor^  o  .,.0,1 

i  i.. 


MIM|  or,  are  given  in  table  7  in  a  lorn,  suitable  for  plotting 
d  irect 1  v  on  the.  lesign  c  ha  its  (ligs.  2  to  f> ) .  Table  7  and  .gores  1 . 
to  op'., Iso  make  it  possible  to  determine  in  which  legions 
the’desi.m  charts  are  substantiated  by  test  data  and  in  dm  . 
. thev  were  obtained  by  interpolatum  or  extrapolation 
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TAHLK  1 


VAU-ES  OF  a,  Is  FOR  FEAT  PANELS  with  Z-SECTIOX  stiffeners. 
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1.170  1.  ION  LAIN  I .  A3S 

1.405  |  1.  INI  -  ! .  AIM  i  1.523 

1.452  i  1.171  !  1.  100  i  LAOS  I 

1.440  ;  |.  IAS  |  1.470  I  1. 405  i 

I.  12S  -  |.  1(0  !  L  104  :  1.1S2  i 

1.  417  <  1.  43A  I  1.452  I  L  100  I 

1.107  i  1.  121  !  I.  Ill  i  MAS  j 

;  .1  ;  i 

I.3N7  I  I.  101  I  1.  120  i  l.  130  I 

I.  370  :  1.  3NA  i  I.  101  i  1.  110  1 

1 ,  354  i  1.30-S  i  I.3N3  !  1. 30S  i 

1.330  I  L3A3  1  1.307  i  LAM  i 

1.325  !  1.330  |  1.353  i  1.300  ! 

1.313  I  1.320  |  1.330  i  1.352  ! 

1.301  |  1.311  1  1. 320  I  1.330  I 

1.201  i  1.303  i  1.315  I  1.327  ! 

L2M  |  1.202  j  1.304  |  1.310  j 

1.271  I  I.2S2  |  1.201  I  1.305  I 


I.  19* 
I.  IM 
L  172 


1.200 
1,  104 
I.  INI 


1.210  : 
1.203  . 
I.  I0O  : 


1.531  I  L552  : 
LAI l  |  1.531  I 
I  .  102  I  1.51 1  i 
1.471  j  1.403  j 
L45H  i  1.470  ! 
1.  413  j  1.100  | 

M2S  j 
1. 115  ! 

1.403  I 
1.301  I  L  400  i 
I.3NU  i  1. 304  I 

1.  300  I  I.3S3 
1.350  i  1.373 
1.350 
1.311 
1.332 


445 
1.131 
L  1 1S 


A73 

1.  AOA 

1.011 

.  03  A 

1 .  OAA 

1.070 

1 . 000 

AA1 

1.  A  70 

I.AOI)  ) 

.010 

1.030 

LOAD 

1.070 

AAd 

1.  A 10 

LAOS  : 

.  ASS 

1.007 

1 . 020 

1 . 045 

All 

1.  AAd 

LAIS  | 

.  507 

1.  .ANA 

1.003 

1 . 022 

101 

L  AM 

LA20  | 

.A  17 

1 .  AOA 

1.  ASA 

1.000 

1.494 

1.512  i 

.  529 

1.  510 

1.503 

LASH 

102  1 

1.  47*  ' 

MOA  1 

.  512 

I.A2S 

1.515 

1.502  i 

117  1 

1.403  i 

1.  ISO  ■ 

.  100 

I.A12 

LA2S 

1.5-14  1 

434  ! 

1.410 

1.405  ■ 

.  IM 

1.400 

l  1.  A 12 

1 .  A2N  j 

121  ! 

1.430  ! 

1.451  ! 

.  107 

1.4*2 

[  1.  407 

LAI2  ! 

400  1 

L  121  ' 

LIAS  i 

.  453 

I.  ION 

I  L  ISA 

1.407  1 

I.  717 
1. 000  I 
1.001  i 
1.0-10  | 
LOIS  | 


I.73S  j  1.77!) 
1.700  |  1.710 
I.  0N3  I  I.  721 
1.050  I  1. 000 
1.030  |  1.072  ; 
1.040 


LAOS  |  1.01  A 

l.  AO  A  j  I  .0  2  N 
I.A70  |  1.009 
LAAO  I  I.  AOO 
1.  A 12  i  1.A73 
I.A27  1  I.A50 


1.  >20  I.N02  : 

1.  7S0  I  I.N2N  I 
1 .  700  |  | .  70S  i 


1.002  |  1.00A  i 


1.021 

1.003 


I.0A3 

1.034 


1.303 
1.35 1 
1.  315 


1.30N  ! 
1.3N  7  ; 
1.  377 
1.307  i 
1.3  AS  ■ 

1.311 

L32A  ■ 
1.311  : 
1 . 2 '.IN 

1.200  |  1.270  I.2N0 


1.310  i  1.320 
1.302  !  1.311 
1.249  I  1.300 


1.412 
I.  tol 
1.300 
I.  ASO 

1.371 

1.  3  A3 
1.337 

1.300 
1.  207 


1.420 
1.  1 15 
1.  104 

1.304 
I.  AM 

1.305 
1.310 
1.331 
1.320 
1.  307 


1.141  i  1.455 
1.  120  !  1.443  ? 
1.417  j  1.131 
1.407  I  1.420  i 
1.307  |  1.  400 

1.37S  i  1.300  : 
1.301  I  1.372 
1.315  |  1.350  • 
I.  330  :  1.311 
1.317  j  I.  32S  l 


100  ! 

L4S4  ! 

1 . 4 ON  i 

1.512  ! 

1.  All 

1.  A  70  1 

1.  AON  : 

1.027  i 

! .  050 

|A7  1 

1.471  ! 

1.  INA  ! 

1.  ION  i 

1.  A20 

1.551 

1 .  AN  2 

I.OId  ! 

l.OAS 

445  1 

1.  IAS  i 

1.  172  1 

1.  INA  i 

1.  A 13 

LAM)  ; 

1.  AO  7 

I.AOI  i 

1.021 

43A  j 

LUO  i 

L  100  [ 

1.  173  1 

1.  100 

1.  520  ! 

1 .  AA2 

1.579  1 

1.005 

422  1 

I.4A5  i 

L  I  IS  ; 

1.  101  1 

LIST 

LA  13  i 

1  AAS 

1.504  ! 

1.  AIM) 

102  i 

1.  ha  ; 

1.427  , 

1.130  : 

1.  101 

L  INN  • 

LA] 3  . 

1.A37  : 

1 .  A02 

AM  ! 

1.300  i 

1.  107  ' 

I.  110  i 

1.  113 

1.400  t 

L  100 

1.513  : 

1 .  A30 

A07  ! 

1.370  ! 

1.300  ! 

i.  ioi  ; 

1.413 

1.410 

1.  ION 

1.  101  : 

1.  AI3 

352  1 

1.303  i 

1 . 373 

I.AM  i 

I.  inn 

1.427 

1.  149 

L  170  ’ 

1  102 

AAS  1 

LAIS  i 

1.  3  AO  . 

1.300  : 

1. 300 

1.110  : 

1.  131 

1.  1A1  i 

1.  172 

1 .  ON  I 
1 . 000 
1.04S 
1.032 
1.010 

I 


I.  713  : 
1.004  i 
1.  075  ' 
LOAN  : 
1.012  : 


2S7  :  1.011  ; 
ViO  -  1 .  5N3  I 
I.  A30  I  I.  AAS  i 
I.  A 1 3  1 . 53  A  i 

1.  i03  LA  13 


1.  007 

1.  030 
1.  007 
1.  ASO 
1.  550 
I.  A3 1 


I  2AA 
L  2*10 
1.237 
1  220 
I.  221 


I.  205  ; 
1.2A«  . 
1.2-10 
1.2  AS 
1.230 


1. 204  1.212 

I.  100  1.  107 

1.  177  ,  I.  IM 


1.20A  1 
l . 250  ; 
I.  247  I 
1.230  ! 

1.220  i 

1. 205 

1.  101 


I.  2 AO  i 
1.217 


1.212 
l.  ION 


:  1.2‘JA 

l.AOA 

LAI  A  : 

I.32A 

I.33A 

LA  15  1 

1  I.2S4 

1.291 

1.303  1 

1.313 

1.322 

1.332  i 

1  1.271 

1.283 

1 . 202  ! 

1.392 

1.311 

1.A2D  1 

1  1.205 

L  273 

1.2N2  : 

1.  201 

1.  AOO 

1.  309  ! 

;  1. 2  AO 

1.  201 

1.273  j 

1.  282 

1.200 

1.200  ! 

. 

!  1.230  i 

1.244 

I  252  i 

1.200 

1  1.20S 

1.270  ' 

1.219 

l  227 

L23I 

1.241 

i  1.249 

1  1.250  i 

1.205 

L  212 

1.2IN 

I  22A 

j  1.2A2 

:  1 . 230  i 

1.355  I 
1.312  j 
1.320  I 
1.  3 IN  ! 
1.307  I 
! 

I.2S4  I 
1.203  ! 
1.210  j 


l.  37 A 
1.301 

1. 3  IN 

1.330 

1.325 

I.  300 
L  27N 
1.  200 


1.301  i  1.114  I  L  431  I  1.454 

LAND  i  1.300  |  1.  IIS  !  1.437 

1.300  I  1.3X5  I  1.  103  I  1.121 

1.35-1  j  1.371  i  1.  ASO  i  1.407 

1.3-12  I  LAAO  i  1.370  j  1.303 


1.  i; 

1.  100 


1.310  |  1.331 
1.203  i  I.30X 
1.273  1.2*7 


1.347  1.303 

1.322  |  1.337 
1.30!  i  1.315 


1.174  i  1.  40-1  !  1.51 3 
1.450  i  I.  175  !  1.  104 
1.  440  I  1.4 AS 
1.425  !  1.  413 
L  111  .  I.  12N  j  1. 44  A 

1.370  I  1.  30A  I  1.111 
1.3A2  I  1.307  )  LAN  I 
I.32N  ■  1.312  1.350 


1.  7A0 
1.  730 
1  703 
LOTS 
1 . 054 
1.033 

1.012 
1.  503 
1 .  A7A 
1.  ,V«N 
1.  512 

1.527 
1.513 
1.  O.iO 
1 .  1*7 
1.474 

1.452 
I.  131 
1.413 
1.305 
LAM) 

1.305 
1.351 
I.  A30 
1.  327 
1.310 


1.230 

1.240 

1.2  AO 

1.20!  : 

1.271 

L2N2  ! 

1 . 202 

1.213 

1 . 22  A 

1.232 

1.212  ! 

1.252 

1.201 

I.  271 

1.  109 

1.20N  ■ 

1.217 

2.220  ! 

1 . 235 

1.2-14  i 

1.253 

1 . 91  A 

1.911 

1.  ON  A 

2.027  ! 

2.  (WIN 

2.  100  i 

2.  151 

LNIiS  | 

LOON  i 

I.04X  i 

L  ON  7  j 

2.  027 

2.007  i 

2.  100 

L-N30  ! 

1.S74  ; 

1.012  ! 

I.9A1  1 

I.  UNO  I 

2.027  i 

2. 00  A 

l.SOO  i 
1.  77S  i 

IN  13  ! 

I.NM1  1 

1.017  J 

L0A4  1 

1.000  1 

2,  027 

LN14 

1 . K49  i 

I.NNA  1 

1.921  1 

I.9AB  1 

1.002 

1.  752  | 

I.7S7  ! 

I.S2I  | 

1 . SAO  i 

I.  MOO  I 

1 . 024  j 

1.959 

L72X 

1.701  1 

L  70 A  i 

I.S2H  j 

l.NOl  ! 

1.S1IA  1 

l .  02S 

1.  705  1 

1  L73N  ! 

1.770  i 

LSI  12  i 

I.N3I 

I.N07  t 

1.  M«) 

LAM 

1.  71 A 

1.  747  t 

1.  77S  ! 

1.  NOO 

1.  MO  i 

1.  N72 

LOOt 

l  1.004 

1.  72  A  ; 

1.  7AA  1 

1.  7-SA 

LSI  0  1 

1.  MO 

1.045 

1  1.074  ' 

1.70-1  1 

1.733  1 

1.70.3 

1.  702  1 

LN22 

I.  770  ! 
1.  710  : 
1.730  ! 
1.711 
1.003  ' 

1.000  ' 
1.030 
1.003  ' 
L  ATS  j 


1.533  ! 
1.  Al  l  ! 
1.105  ! 
I.  -ITS  1 
1.102  i 

L  127  ! 
1.300  ! 
1.370  ’ 


1.700  i 


I-  TAX  j 
1.710  l 

l  i  Is  A  1 
1 . 051  i 
1.025  l 
1 .  500  ! 

LAAA  i 
L533  ! 
LAI  t  ! 
I.  100  i 
1  170  : 

I 

1.443  i 
Mil  i 

1  AM  i 


CHARTS  FOR  DESIGN  OF  2  IS  T  ALCMI.NUM-ALLOY  COMPRESSION  PANELS  WITH  2-SECTION  STIFFENERS 

TABLE  1— (WHhIikI 

VARI  ES  OF  -1,  /s  FOR  FLAT  PANELS  WITH  Z-SECTION  STIFFENERS.  {^  =  0.3  • 


,i  /  n-  i 

i 

30 

21  ; 

22 

23 

21  ] 

25  | 

20  j 

27 

as 

29 

30  ; 

32  . 

31  | 

30  i 

3S  1 

40  > 

42 

11 

to 

I'' 

5o 

/ir_ 

ti s 

1.7!* 

20 

2s 

;;n 

I.  SOS 

L71X 

1.731 

1 . 0D7 

1 . 073 

1.N40 

l.SOX 

1.77S 

1.  7741 

1.  725 

1.  700 

1.873 

1 .  X39 
1.X0X 

1.  779 
1.752 

1.  935 

1.  S7I 

1.  S3X 
l.SOX 

1.  7X0 

1.  751 

1.93X  1 

1 .  HD  2  ! 
l.SOX  1 
i.s37  : 
1.  sox 
1.7X1  , 

1.970 
1.933 
1.S9X 
l.SOO  ! 
1.S30 
|,  S09 

2.003  . 
1.904  1 
I.92S  | 
I.S95  | 
1.S0I  i 
1.X30  ! 

2.035 
1.995  1 
1.95X  i 
1.921  i 
1.S92  : 
1.S03  i 

2.00X  ■ 
2.027  ' 
1.9X9  ! 
1.953  : 
1.920  i 
1.  XI HI  i 

2.  100 
2.05S 
2.019 
1.9X2 

1 . 9  is 
1.917 

2.  133  . 
2.  0S9  i 
2.019  > 
2.011  ■ 
1.970  i 
1.914  i 

2.  197 

2.  151 

2.  109 

2.  009 

2.  032 

1. 90S 

2.  202  1 
2  211  i 
2.  109  : 
2  127  1 
2.  OSS  1 

2.  052  : 

2.327  i 
2.  270 

2.  229  l 
2.  1X5  i 
2.  111- 
2.  100  i 

2.  392  : 
2.339  ! 
2.  2X9  i 
2.  213  : 
2.  200  j 
2.  100  1 

2.157 

2.  101  ' 
2.  3 19  i 
2.301  i 
2.  250  i 

2.211  i 

•i  -v>*> 

2. 103  ' 
2.  109  : 
2.359  i 
2.312  : 

2.20S  i 

4J.  ;*S7  i 
2.  520  1 
2.  109  ! 
2.417 

2.  3 OX 

2.  052 

2.  58S 

2  529 

2. 175 
2.421 

2.  370 

2.717 

2.  051 

2  590  1 

2  533  , 
a.  iso 

2.  131 

2  7S2 

2.  713 

2. 050 

2.  590 

2.  530 

2. 1X5 

:;i 

:v.i 

:m 

35 

1.052 

1.031 

1.012 

1 . 50 1 
1.577 

1 . 07S 

1  057 
1.037 
1.0JS 

1 . 0IKI 

1.704 

1 .  OS2 

1. 001 
1.012 
1.023 

1 . 730 

1.  707 
l.  oxo 

1 .  ooo 

1. 017 

1.  750 
1.733 
1.710 
1.090 

1 . 070 

1 .  7X2 
l .  75S 

1  735 
1.713 

1 . 093 

1.X09  ! 
1 .  7X3  i 
1. 701)  : 
1.737  ! 
1.710  i 

I.N35  ; 
1.809  ; 
1.7X1 

1.  701 
1.739  ; 

I  SO!  s 
I.X3I 

1 .  soil 

1 . 7X5 
1.703  i 

1 .  sx  7 
l .  s.V.t 

1 .  S3  3 
I.X09 

1 . 7X0 

1.913  ! 

1 . xX5  i 

1  s5S 
1.833  - 
1.  S09  ; 

1. 900 
1.935 

1. 007 
I.XStl 

l.  X55 

2.0 IS  ! 

i.  oxo  ; 
1.050  ’ 
1.02S  : 
1. 902  i 

2.070  : 
2.037  : 
2.000  ; 
1.  970 
1.9  IS 

2.  123  ! 
2.  OXS 
2.055 
2.021 
1.994 

2.  175 

2.  13X 

2.  104 

2.  071 
2.011 

2. 1x9 

2.  153 

2.  119 

2.  0X7 

2.  2X0 

2.  210 

2.  202 

2.  107 

2.  133 

2.  332 

2.  290 
2.251 

2.  215 

2.  180 

2.3X4 

2  311 

2.  301 

2.  202 
2.220 

2.  137 

2.  392 

2.  350 

2.  310 

2.  273 

30 

£ 

39 

id 

1.501 
1.540  i 
1.  532  : 
I.5IS 

1.  505  ; 

1.5S4 

I.50X 

1.553 

1.539 

I  . 

1.000 
1.590  : 
1.574 

1. 50(1 
1.510  ■ 

1.029 

1.012 

1.  590 

1 . 5X0 
l .  500 

1 . 051 

1 . 034 

1. 017 

1.  0111 

1.  5x0 

1.074 

1.050 

1 . 03X 
1.022 

1 . 000 

1.090 

1.077 

1.000 

1.013 

1 . 027 

1.719 
1.099  ! 
1.0X1  : 
I.  004 
1.047 

1.741 

1.721 

1 .  702  i 

1  ox  1  1 

1 . 007 

1 . 70 1 

1 . 743 
1.  721 

I  .  705 

1 ,  tis.s 

1.  7x0  : 
1 . 705  1 
1.745  ! 
1 . 720  1 
1.  70S 

1.X32 
l.SOO  1 
1.  7SS 

1 .  70S 

1 .  7  lx 

1.877 

1.853 

I.X30 

1  si  19 

1 .  7x9 

1.922 

1.897 

1.873 

I.S51 

1.830 

1.9.7 

1.941 

1. 910 
! .  X92 
l.xTO 

2.012 

1.9X4 

1.959 

1.931 

1.911 

2.057 

2.  02S 
2.001 
1.970 
1.951 

2.  102 

2.  072 

2. 041 

2.  017 

1 . 992 

2.  117 

2.  1 10 

2. 087 

2.  059 

2. 032 

a.  192 

2.  100 

2.  129  1 

2  100 

2  073 

1.237 

2.  204 
2.172 

2.  112 

2.  1 14 

42 

44 

40 

45 

50 

1.4X1  1 
1.459  * 
1.  439  i 
1.421 
1.404 

1. 500 
1.478 
1.457 
l.  43S 
1.420 

1.520  i 
1.490  i 
1.474 
1.455 
1.430 

1.  539 
1.514 

1 .  492 
l.  472 
1.453 

l .  55X 
1.533 
1.510 
1.4  XX 
1.409 

1 . 57X 
1.551 
1.527 

1.  505 

1.  4S5 

1.597 

1.570 

1. 515 

L  50? 

1.010 

1 . 5SX  i 
1 . 503  ! 
1.539 
1.5IS 

1.035  ! 
1.007  i 
I.5XO  ! 
1.550  : 
1.534 

1 . 055 

1 . 025 

1 . 59s 

1 . 573 
1.550 

1.074 

1.043 

l.  015 

1 .  51 HI  ! 
1.500  * 

1.  713  : 

1 . 0X0 

1.051 

1.021 

1. 599 

1.751 

1.  717 
l.oxo 

1 . 057 
1.031 

1.790 

1.754 

I.  721 
1.091 
1.004 

i .  saw 

1.  791 

1.  757 
1.725 
1.090 

1.907 

1.828 

1.792 

1.759 

1.729 

1 . 900 
1.S05 
1.827 

1 .  793 

1.  701 

1 . 915 

1 . 902 

1 . 802 

1 . 820 

1.  793 

1.9X3 

1 . 93  X 

1.  X9X 

1.  Still 
1.820 

2. 022  ! 
1.975  * 
1.933  : 
1X94  1 
1.S5S  ■ 

2.  000 
2.012  ; 

1 . 90S  1 

1 . 928 
1.891  ; 

5  4 

50 

5S 

on 

I.3SS  : 
1.374  i 
1.301  i 
1.34S  I 
1.337  ; 

1.404 

1.3S9 

1.375 

1 . 302 
1.350 

1 . 420  1 
1.404 
1.390  [ 
1.370  i 
1.304 

1.435 

1.419 

1.404 

1 . 390 
1.377 

1.451 

1.434 

1.419 

1.4114 

1.391 

1 .  400 

1 . 449 
1.433 

1 . 4 1 X 
1.404 

1.482 

1.  104 

1.  I  IS 
1.432 
1.418 

1.498 

1.479 

1.402 

1 .  440 
1.431 

1.513  : 
1.491  s 
1.  477  , 
1.  400  i 
1.  445  j 

1 . 529 
|.  509 

1.491 

1.474 

1 .  45S 

1.514  • 
1.521  ! 
1.500 

1.  4  XX  i 
1.  472  ; 

1 .  570 

1 . 554 

1.  535 

1.  510 

1  490 

1.007 

1.5X1 

1.504 

1.544 

1.520 

1 . 03X 

1.  01  1 
1.593 
1.572 
1.553 

1.  009 

1 . 045 
1.021 

1.  000 
1.5X0 

1 .  700 

1 . 075 
1.050 

1.  028 
1.007 

1.732 

1. 705 
1.079 
1.050 
1.034 

1 . 703 
1.735 
1.708 
1.081 
l.  001 

1.  794 

I.  705 

J.  737 
1.712 

1 .  OSS 

1.825 
1.795  ! 

I.  700 
1.710  ! 

1.  715  | 

1,857  r 
1.825  ; 
1.795  - 
1.708 
1.742  : 

05 

71* 

1,1  i 

1.311  i 

1.2S9  i 
1.  209 

1.323 
1.300 
l.  ‘iso  j 

1.330 

1.312 

1.291 

1.348 

1.323 

1.302 

1.301 
1.335 
1.313  , 

1.373 
1.317 
1.323  ; 

1.3X0 
1.35X 
1.331  1 

I.39S  i 

1.370 

1.315 

1.41 1  : 

1.3M  ! 
1.350  - 

1 . 423 

1 . 393 

1 . 307 

1 . 430  1 
1.  401  i 

1.401 

1. 1  as 

1 . 300 

1.  1X0 

1.451 

1  121 

1.510 

1.474 

1.112 

1.535 

1.497 

1.  101 

1.500 

1 . 520 

1.  ISO 

1.585 

1.511 

1 . 507 

1.010 

1.  507 
1.529 

1 . 035 

1.  590 

1.  551 

1.000  1 
1.013  1 
1.572  ' 

1.0S5 

1 . 030  ; 

1  594 

'"-UK. 

1  s 

i 

t 

;  sSS&Ss 

:  2.217 

2. 199  i 
2.154  i 
2.113  1 
2.075  i 
2.039  | 

2.299 
2. 249 
2.  202 
2.  100 
2.  120 
2. 0X2 

2.351  ' 
2.299  1 
2.251  ! 

2.  200  j 

2.  104  ! 
2.  120  | 

2.403 
2. 349 
2.  299 
2.  252 
2.  209 
2.  109 

2.  155 
2. 399 
2.347 
2.  299 
2.  254 
2.212 

2.500  1 
2.  449  i 
2.395  ! 
2. 345 
2.  299 
2.  250 

2.559  1 
2.  499  j 
2.  143 

2.  392 
2.311 

2.  299 

2.011  i 
2.519  i 
2.491 
2.43X  j 
2.3X9  | 
2.342  1 

2.  00.3 

2. 599 
2.  540 

2.  1X5 

2  133 

2.  3X0 

2.715 
2.  049 
2.  5X8 
2.  531 
2.  47X 
2.  429 

2.707  i 
2.099  1 
i  2.030  i 
1  2.  577 
|  2.  523 
i  2.  472 

2.S71 
2.709  . 

2.070  1 
2.013  i 
2.559  i 

2.  975 

2.  X99 

2.  X2X 
2.703 

2.  702 

2. 010 

3.079 
2.999  ! 
2.  925 
2.  S50 
2.  792 
2.  732 

3.  1X3 
3.099 
3.021 

2. 949 
2.  SS2 
2.X  19 

3.2X7  ! 
3.  199 
3.  117 
3.012 
2.  971 

2.  900 

3.291  i 
!  3.299  i 
3.214  : 
3.  135  ] 
3.001  j 
2.992  j 

3.495 
i  3.399  j 
i  3.310  | 
I  3.  227  1 
3.  151 

3.  079 

3.  599 

3. 199 

3.  400 

3. 320 
3.240  • 
3.  100 

3.  703  ! 
3.599  | 
3.502  j 
3.413  1 
3.330  I 
3.252  I 

3.  S07 

3.  099 

3. 599  » 
3. 500  i 
3. 420  I 
3.339  i 

:ti 

33 
:« 

34 

35 

1 

2.005  1 
1.971  ! 
1.944  ! 
1.917  1 
1.S90  1 

2. 047 
2.015 

1. 9X4 

1.  955 

1 . 928 

2.0X9  1 
2.055  t 
2.023  1 
1.993  | 
1.905  1 

2.  131 

2. 090 
2.003 
2.  031 
2. 002 

2.  173  i 
2.  130 
2.  102 
2. 070 
2.  039 

2.215 
2.  177 
2.  14 1 

2. 07X 
2. 070 

2. 257 
2.  2 IX 

2.  1X1 

2.  140 

2.  1 13 

2.  299 
2.  258 

2.  220 
2.  1X4 

2.  150 

2.341 

2.  299 
2.  200 

2.  Isx 

2. 3X3 
2  310 
2. 299 
2.  201 

j  2.  425 
!  2.  :ixo 
t  2.338 

!  2.202 

2.509  i 
2.401 
;  2.417  i 
1  2.370  ! 
!  2.330  1 

2.592 

2.513 

2.  IlHt 
2.452 
2.410 

2. 070 
2.021  i 
2.  575 
2.  528 
2.4X5 

2.  700 
2.  7115 

2. 054 
2. 005 
2. 559 

2. 814 

2.  7X0 
2.  732 
2.081 

2.  033 

2.1*28  i 

2.  SOX 
2.  XII 

2.  75S 
2.  70S 

3.  012 
2.  949 
2.  890 
2. 834 
2.  782 

3.090  ■ 
3.  am 

2.  909 
2.911 

2.  X50 

3.  1X0  1 
3.  11 1  j 
3.04X  1 
2.9X7  i 
2.9.30  | 

3.  203 

3. 193  i 
3.120  ! 

3. 004  ; 
3. 005  ; 

3*'. 

37 

:w 

3D 

40 

l.SOfi  ! 
1.S12  ! 
1.820  ! 
!  1.799  1 
|  l.  779  i 

1.  902 
1.S77 
1.S54 

1. 832 
1.S12 

1.93X  ! 
1.913 
i.xs9  ; 

!  l.SOO  - 
|  1.S44  i 

1.974 
1.9  IX 
1.923 
I.S99 
1.S77 

2.  910 

1.  9X3 
1.957 
1.932 
1. 909 

2. 040 
2.  OIK 
1.991 

1.  900 
1.  942 

2.  0X2 
2.  053 
2.025  ! 
1, 999 
1.974 

2. 119 
i  2.0X8 
|  2.000 

1  2.033 
j  2.007 

2.  155 

2.  123 

2  094 

2. 000 
2.  039 

2.  191 
2.  159 
2.  12S 
2.  099 
2. 072 

a!  Tim  i 
2.  102 
a.  133 

2.  104 

i  2.299  i 
1  2.201 

I  2.231 

1  2.  199 
j  2.  109 

2.371  ' 
2.334 
2.  299 
2.200 
:  2.  2:14 

2.  444 

2.  405 
2.  308 

2.  299 

2.510 
i  2.475 
!  2.430 
i  2.399 
!  2.304 

2.  5XX 
2.545 
2.501 
2.400 
2.  429 

2. 000 
2.  015 
2.  573 
2.  533 
2.494 

2.  732 
!  2.080 
!  2.011 
:  2.  599 

1  2.559 

2.805 

2.  750 
2.710 
i  2.000 
i  2.024 

i 

2.S77  1 
2.820  t 
2.77S  I 
2.  733  ! 
2.0S9  i 

2. 949 

2. 890 
2.847  ■ 
2.799  ‘ 
2. 754  l 

42 

14 

40 

4S 

:.o 

1  I.  742  1 
:  1.70s 
I.07N  ; 
1.049  ! 
1. 023  ! 

1  773 
1.738 

1.  700 

1 . 070 
1.049 

!  l.sot 

I  1.707 

1  1.734 
t  1.703  : 
j  1.075  • 

1.X35 

1.  797 
1.  702 
1.731 
1.701 

l.SOO 

1 .  X20 
l.  791 

1.  75X 
1.727 

1.S97 

1.S50 

1 .  x  1 9 

1.7X5 

1.753 

1.928 

1 .  SNO 

1.817 

1. 812 

1.  779 

1  1.959 
1.915 
1.875 
1.S39 
1.X05 

1.900 

1.945 

1.  901 
l.SOO 
1.X31 

2.  021 
1.971 
1.932 
I.K93 
1.S57 

2.  052 

2.  IK  14 

1. 900 
l.  920 
1.SS3 

I  2. Ill 

i  2.  003 
!  2.  017 

1  1.974 
l  1.935 

2.  175 

a.  073 
2.02X 
1.9S7 

2. 237 

•ITsi 

2.  130 
2.  0X3 
|  2.  039 

i  2.299 
i  2.210 
;  2.  1X0 
|  2.  137 
!  2.091 

I  2.301 

I  2.299 
i  2.  213 
j  2.  191 
|  2.  113 

2.  4211 
!  2. 358 

1  2. 299 
!  2.215 
!  2.  195 

!  2.  485 
2.417 
i  2.350 
.  2.299 
i  2.217 

j  2.547 

i  2. 112 
t  2.353 

t  a.2w 

2.009  ! 
2.530  ! 
2.  109  . 
2.  mx  ! 
2.351  j 

2. 071 

2.  595 

2. 402  . 

2. 103 

54 

so 

55 

00 

1.599 

1.  577  | 
1.557  | 
1. 537  1 
1.519  i 

1.024 
1.001 
l.  5X0 
1.  500 
1.541 

i  1. 049 
1.025 
1.003  ; 
1.5X2  1 
1.503  1 

1.074 
1.0-19 
1.020 
1.005 
1.  5X4 

1.099 

1.073 

1.049 

1.027 

1.000 

|  1.724 
!  1.09X 
1.073 
1.049 
1.028 

1.  719 

1  722 

L  090 
1.072 
1.019 

!  1.774 

1 . 740 
l.  719 
1.094 
1.071 

I.  799 
1.770 
1.742 
1.717 
1.093 

1 .  S2 1 
1.791 
l.  705 
1.  739 

1.714 

LSI  9 

1.  SIS 
!  1.7X9 
!  1.701 
1.730 

l.SOO 
i  l.SOO 
1.X35 
l.SOO 
l.  779 

1.919 

1.  914 
1.8X2 

1  1.X51 
!  1.H23 

i  1.999 

1  1.902 

I  1.928 
(  1.X90 
(  l.SOO 

r  2.049 
i  2.011 
|  1.974 
|  1.941 
|  1.909 

j 

2.099 
2.  059 
2.  021 
1.9X0 
i.  953 

!  2.  1 19 
i  2.  107 
|  2.007 
t  2. 030 
|  1.990 

1 

2.  199 
.  2.  155 
j  2.  til 
2.  075 
2.  010 

:  2.  219 

I  2.203 

2.  100 

2.  120 
2.0X3 

2.299 
2.251  ; 
2.207  ! 
2.  105  t 
2.  120  I 

2. 319 

2  299 

2. 2.5.3  - 
2.210 
2.170 

05 

70 

75 

1.479  l 
1.445  i 
1.410  ! 

1.499 

1.404 

1. 433 

1.519 
1.4X2  ; 
1.450  ! 

1.  539 
1. 50 1 
1.40K 

1.559 

1.520 

1.4X5 

1.579 

1.538 

1.  502 

1.599 

1.557 

1.520 

1.019 

1.575 

1.537 

1.039 

1.594 

1.  554 

1.059 

1.012 

1.572 

1.079 
i  1.031 

1  1.589 

1.719 

1.008 

1.021 

1  1.700 
«  1.705 
,  1.058 

1.8(H) 

1.742 

1.093 

i  1.810 

|  1.7X0 
|  1.728 

l.XSO 

1.817 

1.702 

j  1.920 
|  1.851 
|  1.797 

1.900 

1  l.  891 
!  1.832 

2.  000 
1.92S 
l.SOO  j 

2.040  1 
1.905  j 
1.901  i 

2.0X0 

2.  002 
1.930  [ 

22 
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TABLE  2 

VALUES  OK  AMs  FOR  FLAT  PANELS  WITH  Z-SKCTION  STIFFENERS. 


hr 

hw 


=  0.4. 


hstts  "  ^ 

20 

21 

22 

21 

24 

05 

20  j 

i 

27 

2S  i 

I 

»  j 

i 

10 

32 

:u 

10 

IS 

40 

42 

i 

44  : 

40 

48 

.70 

tw 

—  -0.51 
ts 

... 

1  17* 

1. 1K9 

I.  101 

1.  II X 

1.412 

1.  147 

1.  102 

1.  470 

1.191 

]  505  i 

.  520 

1.  549 

1.  57S 

1.007 

1.  010 

1.  005 

1.  095 

1.  724  : 

1.  751 

1.  7S2 

1.  Ml 

1  100 

i.  174 

l.  ISS 

1.  402 

1.  110 

1.  130 

1.444 

1.  45S 

1.472 

1.  iso  ' 

.  51  HI 

1.  528 

1 .  550 

1.  5X4 

1.  012 

1.  040 

1.  OOS 

1.  090  ; 

1.  721 

1.  752 

1.  7SO 

1  110 

1. 100 

1. 171 

1.  1X7 

I.  400 

1.414 

1.  127 

1.411 

1.454 

i . 4 os  : 

.  481 

1.  508 

1.  515 

1.  502 

1.  5S9 

1.010 

1.041 

1.070 

I.  097  ' 

1.  721 

1-  751 

1  114 

1  147 

1  10.0 

1.171 

1.  ISO 

1 . 199 

1.412 

1.  125 

1.41S  . 

1.451  : 

.  104 

1.490 

1.  510 

1.  542 

1.  50S 

1.594 

1.020 

1.010 

1.072 

l.onx 

1.721 

•») 

1  121 

1 . 115 

1 . 1  is 

1. 100 

1.171 

1.385 

1.11*8  1 

1.  410 

1.421  i 

I. 410  I 

.  44S 

1.471 

l .  498 

1.  521 

1.549 

1.  574 

1 . 599 

1.021  i 

1.049  ■ 

1.074 

I,  099 

■;i> 

1.112 

1.124 

1 . 110 

1.148 

1.100 

1.171 

1.  3S5  I 

1.197 

1.  409  ! 

1.421  i 

.  411 

1.457 

1.482 

1.500 

1.510 

1 . 555 

1.579 

1.001  . 

1.027 

1.052 

1.070 

:;i 

1  102 

1.11 1 

1.125 

1.117 

1.149 

1.100 

1.172  . 

1 .  IS  4 

1.190 

1  407  1 

.419 

1.441 

1 .  100 

1 .  190 

1.511 

1.517 

1 . 500 

I.5S4 

1.007  ' 

1.011 

1.  0.74 

1  292 

1  104 

1.115 

1.120 

1 .  IIS 

1.149 

1.10! 

1 . 172 

1.1S1  ; 

1.195  : 

.  400 

1. 429 

1 .  452 

1 .  171 

] .  197 

1 . 520 

I.  Ml 

I.  505  i 

1 . 5SS 

1.011 

I.  034 

XI 

1 . 2X1 

i.  294 

1. 100 

1.117 

1 . 128 

1.119 

1 . 150  ! 

1.101 

1. 172  : 

1.1X1  1 

.  194 

I.  410 

1 .  41S 

1.400 

1 . 482 

1.  504 

1 . 520 

!.  MS  ! 

1.  570 

1.  592 

1.014 

:?4 

1  27. V 

1.  2X0 

I.  297 

1.107 

1.118 

1.129 

1.119  * 

1. 150 

1.101  i 

1  .'{72  [ 

.  1X2 

1.  104 

1.425 

1.  440 

1.  40S 

1.4X9 

1.511 

1.512  ! 

1 . 554  ! 

I.  575 

1 . 59*; 

i.  207 

1.27S 

1.2SS 

1.  29X 

1.109 

1.119 

1.110  j 

1.140 

1.150  : 

1.101  , 

.  171 

1.192 

1.411 

1.414 

1.455 

1.475 

1 . 490 

1.517  ! 

IMS 

1.  559 

l .  579 

3<! 

1  200 

1  270 

l .  2X0 

1.  290 

1.  100 

1.110 

1.12! 

1.111 

1.141 

1.151  1 

.  101 

1.381 

1.401 

1 .  122 

1.442 

1.402 

1 .  182 

1.501  i 

1.523  [ 

] .  Ml 

1.  50.1 

.17 

1 . 2V1 

1 . 201 

l  ■>?'.» 

1.2X2 

1.292 

1 . 102 

1.U2  : 

1.122 

1 . 112 

1.111  1 

.  151 

1.371 

1.191 

1.  110 

1.410 

1.450 

1 .  409 

1.489  i 

1.  509  1 

1.  528 

1.  -MS 

;!S 

1 . 240 

1.250 

1.205 

1.275 

1 . 285 

1 . 29  4 

1.104  i 

1.111 

1.121  ; 

1  112  ; 

.  142 

1.101 

1.  ISO 

1.199 

1.419 

I.43X 

1 .  157 

1 .  470 

1.  195  ; 

1.514 

I . 

19 

1.240 

1.  249 

1.259 

1.208 

1  ‘277 

1 . 2X7 

1 . 290  j 

1.105 

1.115  i 

1.124  ! 

.  Ill 

1.152 

1.171 

1.389 

1.408 

1 . 427 

1.44ft 

1.404  i 

I.  4X1 

1. 501 

1.  520 

40 

1.2.14 

1.  241 

1.252 

1.201 

1.270 

1.279 

1.288  I 

1 .  29X 

1.107  1 

1.110  t 

.  125 

1.380 

1.198 

1.410 

1.414 

1 . 452  ! 

1.471  | 

1.  489 

1 . 507 

42 

1.221 

1.211 

1.240 

1.249 

1.257 

1.200 

1.275  ! 

1.28.3 

1.292  ! 

1.301  ! 

.  109 

1.127 

1.144 

1.10! 

1 . 179 

1 . 190 

1.411 

1.431  l 

I.44X  i 

1.405 

1.483 

4  ( 

1.211 

1.221 

1.229 

1.217 

1.240 

1 . 254 

1.202 

1.271 

1.279  ■ 

1.  2S7  : 

.  295 

1.112 

1.  128 

1.145 

1. 102 

1.178 

! .  195 

1.411  ! 

1.428  j 

1.444 

1.  on 

40 

1.  201 

1.  211 

1.  219 

1.227 

1.215 

1.  241 

1.251  : 

1 . 259 

1  207  : 

I . 275  ■ 

.  281 

1 .  298 

111  4 

1.110 

1.140 

1.102 

1.177 

1.191  1 

1.409  1 

1.42ft 

1.441 

4S 

1.  195 

1.  202 

1.210 

1.218 

1 . 225 

1.2*3 

1.240 

1.  24  S 

1 .  250  ; 

1.201  ! 

.271 

1  2S0 

1.101 

1.110 

1.  Ill 

1.147 

1 . 102 

1.177  ! 

1.392  1 

1.4U7 

1 .  422 

'>(» 

1.  1ST 

1.  194 

1.202 

1.209 

1.210 

1.224 

1.211 

1.238 

1.215 

1 . 25.1  1 

.  200 

1.274 

1 . 289 

1.304 

1.118 

1.111 

1.147 

1.102  ! 

1.370  I 

1.391 

1 .  too 

I.  ISO 

!.  1X7 

1.  194 

1.201 

1.208 

1.215 

1.  222  ’ 

1.229 

1.210  i 

1.211  1 

.  250 

1.204 

1.278  1  1.292 

1.100 

1 . 120 

1.314 

1. 148  1 

1.102  1 

1.370 

1.390 

54 

I.  171 

I.  iso 

1.  1S7 

1.  191 

1.200 

1.  207 

1.214  ■ 

1.  220 

1 .  227  ! 

1.214  1 

.  21 1 

1.254 

1.208  |  1.281 

1.295 

l ,  10X 

1.122 

1.33ft  i 

1.349  1 

1.302 

1.370 

50 

1.  107 

1.  174 

l.  iso 

1.  187 

1.  191 

1.200 

1 . 200  i 

l.  211 

1.  219  ' 

1 . 220  i 

.  212 

1.  245 

1.258 

1.  271 

1.  2X4 

1.  297 

1.110 

1. 121  i 

1.310  : 

1.149 

1.102 

.VS 

1.  101 

1.  10S 

1.  174 

l.  1X0 

1.  ISO 

1.  191 

l. 199  ! 

1.  205 

1.212  : 

1.  21 S  | 

.  224 

1.237 

1 . 249 

1.202 

1.274 

1 . 2X7 

1.299 

1.112  1 

1.124  i 

1.137 

1.150 

00 

1.  150 

1.  102 

l.  10S 

1.  174 

1.  ISO 

1.1  SB 

1.  192  i 

1.  1  US 

1.201  ! 

1.211 

.217 

1  229 

1.241 

1.251 

1.205 

1.277 

1.2X9 

1.102  1 

1.314  j 

1.320 

1.118 

f.. 

1.114 

1.  150 

1.  101 

1.  100 

l.  172 

1.  17S 

1.  IS1 

1.  1X9  : 

1.  194  ! 

.  200 

1.211 

1  2*22 

1.214 

1.215 

1.250 

1 . 207 

1.278  | 

1.290  j 

1.1111 

1.112 

70 

1.  114 

1.  119 

1.  144 

1.  149 

1.  154 

i.  inn 

1.  105  * 

1.  170 

1.  175  : 

1.  ISO  j 

.  ISO 

1.  190 

I.  200 

1.217 

1.227 
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1 . 2  IS 

1.258  1 

1.209  1 

1.279 

1.  290 

1. 125 

l.  110 

1.  114 

1.  119 

1.  144 

1.  149 

1.  154  ■ 

l.  159 

1.  104  i 

1.  10H  i 

.  171 

i  1.  183 

1.  191 

1 .  202 

I  1.212 

j  222 

I  1.212 

!  1.  241  ! 

1.251  | 

1.201 

1 . 270  | 

i 
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ts 

-1!"  j 

1 . 50.1 

1 .  5X5 

1.  OOS 

1.  010 

1.052 

1.074 

1.090  : 

1.719 

1.741  1 

1.701  ! 

.  7S5 

1  1  810 

1.H74 

1.919 

I  1.  903 

i  2.  OOS 

!  2.052 

i  2.097  i 

2.  141  1 

2.  ISO 

2. 230  i 

20 

1.  541 

1.  501 

1.5S4 

l.  000 

1.027 

i.  ms 

1.070  i 

1.091 

1.712 

1.734  i 

.  755 

i  1.  798 

1.841 

1 . 8X3 

!  1.  920 

I  1.909 

i  2.012 

!  2.054  1 

2.097  1 

2.  140 

2.  183  l 

27 

1.  521 

1.  542 

1.501  | 

l.  5X1 

1.004 

1.024 

1.045  i 

1.  005 

1.0X0  l 

1.707  j 
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I  1.708 

l.Slft 

1.851 

!  1.X92 

1  1.933 

1  1.974 

!  2.015  l 

2.057  ! 

2.  098 

2.  139  1 

28 

1.503 

1 .  521 

1.512 

l.  502 

1.582 

1.  002 

1.022  : 

1.  042 

1.002  i 

l.OSl  t 

’  70! 

1.741 

1.781 

1 .  X20 

1  1.800 

I.  900 

1  1.939  ! 

1  1.979  i 

2.019  1 

2.  059 

2.  098 

29 

1.48ft 

l.  505 

1.524 

1.543 

1.502 

1. 581 

1.000  1 

1.020 

1 .  019  i 

1.058  | 

.  077 

1.715 

1.  7.54 

1.792 

j  1.  S30  ! 

1.X09  : 

|  1.007 

:  1.945  | 

1.9X4  1 

2.  022 

2.000 

10 

1.409 

1.  IKS 

1.500 

1.  525 

1.511 

1.  502 

1.5X0  j 

1.599 

1.017  j 

1.  010  1 

.  054 

1,092 

1.  729 

1.700 

1  1.803  i 

1.840  1 

1  1  877  i 

i  1.914  ! 

1.9ft!  1 

1.988 

2. 02ft  [ 

11 

1.454 

1.172 

1.  490 

1.  508 

1.520 

1.  544 

1.502  ! 

1.  5X0 

1.  598  i 

1  015  I 

,  013  | 

1.009 

1 . 705 

1.741 

i  1  777 

1.813  | 

!  I.S48 

1.S84  1 

1.920  i 

1.950 

1.992  j 

12 

1.440 

1.  457 

1.  475 

1.492 

1.  509 

1.  527 

1.544  ; 

l.  50 1 

1.579  ! 

1  590  | 

.014  1 

1.04X  | 

1. 0X3 

1.  7IS 

I  1.753  | 

1.7X7  1 

!  1.822  ! 

1.857  ! 

1.891  ! 

1.920 

1.901  1 

11 

I.  427 

1.  141 

1.400 

l.  477 

l.  491 

1.511 

1.  52X  ! 

1.544 

1.  501 

1  57.X  | 

.595  | 

1.029 

1.002 
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!  1.730  1 

1  I.  703  ! 

1.797  : 

1.831 

I.SM 

1.898 

1.932  : 

14 

1.414 

1.410 

1.447  I 

1.401 

1.479 

1.  490 

1.512  ! 

1.  528 

1.545  1 

1.501  | 

.  577  1 

1.010 

1 . 043 

1.070 

!  1.  70S  | 

1  1.741  I 

1.774  ; 

l.SOO  i 

I.S39  1 

1.H72 

1.904  i 

11 

1.  402 

1.418 

1.  414 

1.450 

1.  400 

1.482 

1.497  I 

1.  511  1 

1.510  i 

1,  545  1 

.501  j 

1.593 

1.024 

1.050 

j  1.0X8  | 

1.  720  j 

1.752  ! 

1.783  1 

l.Slft  i 

1.847 

1.879  ! 

10 

1.191 

1.  400 

1.422 

I.  417 

1.4? VI 

14  OX 

l  1.4X4 

1.  499  ! 

1.515 

1  510  i 

.545 

1.570  ! 

l .  007 

1.03X 

l  009  i 

1.700 

1.731 

1.702 

1.792  - 

1.823 

!  1.854  i 

17 

i  1 .  3X0 

!  1.195 

1.  411 

!  1.  420 

I  1.441 

1.  450 

t  1.471  . 

1.  4S0  i 

1.  5)1 

1.  510  i 

.511  ; 

1.501  i 

1.  591 

1.021 

1.051  ! 

1.081  i 

1  711 

1.741 

1.  771 

1.801 

:  I.S31  ; 

is 

1.370 

!  1.1X5 

1.400 

1  1.414 

I  1.  429 

1.444 

i  1.  458 

i.  471  : 

1.  4S7 

1.502  ! 

.  517  : 

1.540  ; 

1.575 

1 . 004 

:  1.014  i 

1.003  : 

1  092 

1.721 

1.751  : 

1.7SO 

1.  SIR*  i 

19 

1. 101 

I  1.175 

1.  IS  9  i 

1  1.404 

1  1.418 

1.412 

1  1.  140  ; 

1.401  ! 

1 . 475 

1.  4  X9  i 

.501  ! 

1.532  i 

1.  500 

1 . 589 

1  1.017  i 

1.040  i 

1.074 

1.  701  i 

1.731 

1.700 

1.7SS  . 

so 

1.152 

!  1.  300 

t  1.3X0 

|  1.394 

1  1 . 40X 

1.421 

i  1.435 

1.449  i 

1.  401 

1.  477 

.191  i 

1  519  1 

1.  MO 

1.574 

1.  602  1 

1.030  ; 

1  li.VS  i 

1.0X5  ; 

1.  713 

1-741  | 

1 . 709  j 

12 

i.  33ft 

i  1.  34  X 

i  1.102 

!  i.i75 ; 

1.1.KX 

1.401 

I  1  !5 

1.  42s  ; 

1.11! 

1  451 

407 

1.  194 

1 . 5  20 

1.  5-17 

1 . 571 

I.  01  Mi 

1  020 

1 . 051 

!.  070 

1.  700  ! 

1 . 712 

:  u 

1.  320 

!  1.333 

1.315 

1  1.158 

1  1.170 

I.  383 

I  1.190 

1.  40S  i 

1.42! 

1  414 

.440  i 

1  471  , 

I.  497 

1.522 

1.547  . 

1.  571 

1 . 59X 

1 . 021 

1.04* 

1.074  • 

1 . 099 

40 

1.300 

1  1.31S 

1.130 

1.142 

1.354 

1.100 

1  1.179  l 

1.191  ! 

1.401  ' 

t  415  I 

.  427  i 

1.451  | 

1.  475 

1 .  499 

1.523  i 

1 .  MS  1 

1.572  i 

1.590  > 

1.020  i 

1.044  i 

1.  OOS  . 

IS 

1.293 

I  1.305 

1.110 

1.12X 

1.340 

1 . 151 

i  1.101  ; 

1.174  ! 

i  :iso 

i  197 ; 

.  199  ! 

1 . 432  ! 

1.  455 

1.  479 

1.502  i 

1.525  1 

1  MX  1 

1.571  ‘ 

1.591  : 

1.017  j 

1.041  1 

1.2S2 

1  1.291 

1.  104 

1.115 

1.  120 

1.117 

1  1.348  | 

1.159  | 

1. 170 

1.1X2  i 

.191  i 

1.  415  i 

1  437 

1 . 459 

1.482  1 

1.504  | 

1.520  ! 

1 . 54  S  i 

1.571 

1.  593  i 

1.015  : 

I  .V2 

1.271 

1  1.281 

1.  292 

l.  303 

1.313 

1.324 

1  115  : 

1. 110  : 

1.150 

1  107  i 

.  ITS  i 

1.399  ! 

1.420 

1.  442 

l.  403  1 

1.484  1 

1  500  1 

1.527 

1  M9  l 

1.570  j 

1.59!  1 

54 

1.  201 

1  1.271 

1.2X1 

1.292 

1.302 

1.312 

1. 122  ; 

1.333  : 

i.  in 

1.151  ! 

.  104  1 

1.3X4  1 

1.  405 

1 .  425 

1.440  1 

1.407  i 

1.4*7  ! 

I.  508  1 

1.  528 

1.549  1 

1.509  1 

.Vi? 

1.251 

|  1.201 

1.271 

1  281 

1.  291 

1.301 

1.111  1 

1.321  ! 

i.  in 

1.111  ! 

.151  i 

1.370  ! 

1.  190 

1.  410 

1.  430  1 

1.450  i 

1.470  i 

1.  490 

1.  509  i 

1.529  I 

1 . 549  | 

.VS 

1.243 

1.252  : 

1.202  ! 

1.271 

1.  281 

1.291 

1.  100  ! 

1.110  ! 

1.  119 

1  129  ! 

.  119  1 

1.358 

1.177 

1.  390 

1.  415 

1.434  1 

1.  153  j 

1.473  i 

!.  492  l 

1.511  i 

1. 510  ! 

00 

1.235 

1.244 

1.  253 

1.  202 

1.272 

1.2S1 

1.290  | 

I.  299  1 

1.109  ! 

1.118  | 

.  127  | 

1.340 

1.304 

1.3X3 

1.401 

1.420 

1.438  j 

1.  457  ; 

1.  475  i 

1.494  j 

1.512  ; 

1 

i  0.V 

1.217 

1.225 

1.234 

1.242 

1.251 

t.  259 

1.  208  ! 

1.  270 

1.285  ■ 

1.  294  | 

.  102  1 

1.319 

1.310 

!  1.353 

1.370 

! .  3X8 

1 .  405  | 

1.  422  ! 

1.439  i 

1.450 

1.473  ! 

!  To 

1.201 

:  1 . 209 

1  I.  217  : 

!  1.225 

1.213 

1.  241 

1.219 

1 .  257  : 

1.  205 

1  271  1 

.280  1 

1.290 

1.312  1 

1.328 

1.344  1 

1.100 

1  370  i 

1.392 

I.  MIX  ! 

1.423  ! 

1.439  ! 

i 

1.  ISS 

:  1.  195 

i  1.203 

1.  210 

;  i.2i7 

1.225 

1.212 

1.210  i 

1.  217 

!.  251 

.202 

1.277  | 

1.291 

1 . 300 

I.  321  ! 

1.110  • 

1.15! 

1 . 300 

1.  iso 

1 . 395  j 

I.  410 
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VALUES  OF  A, Its  FOR  FLAT  PANELS  WITH  Z-SECTION  STIFFENERS.  "'>0.4-Conc!uclr>l. 
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31 
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38 
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i .  sr.s 

i.safi 
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1.  700 
I.  7  X1 
1.71.1  !  I 


1.S93 
I .  Soil  . 
I.S27 
l.  797 
I.  770 
It 


31 

1.092  ! 

1.0*70  1 

33 

1.050  ! 

31 

1.031  ! 

35 

1.013  1 

j  j 

30 

1 .  7*90  1 

37 

1.5S0  | 

3S 

1.7*01  l 

39 

1.7*50  i 

40 

i  1.530 
j  I 

42 

;  1.7*11  i 

11 

1.4S7  i 

to 

1.10(1  i 

IS 

;  1.447  i 
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1.  429  | 

1, 7i:n  1 

l .  ivys 
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I .  057  i 
I  .  03S  ! 


1 . 92S 
1.892 
I .  859 
1.S2S 
1  SHI) 
1.773 

1.  71S 
I.  727. 
1.703 
1.1*82 
| .  fili.3 


1.9(13  I.99S 

1.H2H  ;  1.97*9 
1.S91  :  1-921 
1.  Si  10  i  I.S9I 
I  s;itt  i  I.  sun 
l.  S02  i  1.S31 


2.  033 
1 . 993 
| .  97.fi 
1.922 
1.S9II 
1.  SOI 


2.  OHS 
2.027 
I.  9S9 
1,97.3 
1.920 
1.S90 


2.  103  i  2.  13S  :  2.  172 
2.  OHO  !  2.091  i  2.  127 
2.021  i  2.  07»3  i  2.  OSH 
I .  US  I  I  2.010  i  2  .017 
1.97*0  j  1.9N1  I  2.011 
1.919  1  1.9  IS  !  1.977 
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1.910 


1.020 


1.011  i 
1.027 
iS7  1.010 
*72  1 .  7*97.  ; 

*7*S  1  1.  7>SO  i 


1. 
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1.7*07  ! 
I .  -ISO  i 
I.  107)  i 
1.440  , 


1  7*7*2 
I !  7*27 
1.  7*0  4 
1 . 4  S3 
1.404 


.  770  ! 

1. 8115 

1 .  S33 

1.801 

1.  SS9 

1.917 

1.  779 

1.  si>7 

I.S3I 

1.  SOI 

1 .  S89 

|  729  : 

1  750 

I.7S2 

1.809 

1 .  S3  5 

1 .  SO  2 

.70S  i 

1.731 

l.  77*9 

l.  785 

I.S1! 

1 . 830 

.  OSS  i 

1.713  ! 

1.738 

1.  703 

1.  7NS 

I.  812 

.009  i 

1.093  i 

1.717 

1.711 

1.  700 

I.  79(1 

.07*0  i 

1.074  ! 

1.  098  1 

1.721 

1.745 

i  1.709 

.033  i 

1 . 050  1 

1.079 

1.702 

1.  725 

!  1.7  IS 

.017  ! 

1,01(1  1 

1.002  1 

I.OSI 

1.  707 

:  1.729 

.002  j 

1.024  | 

1.015  j 

1.007  * 

1.  089 

|  1.711 

.573  ! 

1.7*94  i 

1.015  I 

1.035  ( 

1.050 

1  1.077 

.  7.17  i 

1 . 7*07  i 

1 . 5S7  ; 

1.007 

1 . 020 

!  mho 

2.207  : 
2.  101 
2.  IIS  I 
2.07s  i 
2.011  ; 


1.971  i 
1.913  ! 
1.917*  ■ 
l.sss  I 


1. 


2.  I  S3 
2.  1 10 
2.  101 


2.  030 
l .  99S 
1. 90s 
1.  939 
l.  912 


2.  317 
2.  297* 
2.  217 
2.  203 
2.  101 
2.  123 

2.  i  ’SO 
2.  0’3 
2.  021 


2.  117  :  2.  IS7 
2.303  ;  2.  130 
2.312  i  2.377 
2.  207*  !  2.  32S 
2.  222  |  2.  2s2  ; 
2.  ?S1  |  2.239  ! 

2.  143  i  2.  199  ; 
2.  107  2.  1 02 

2.074  2.127 

2.012  :  2.093 
2.012  2.002  : 


2.  497 
2.  1 12 
2.390 
2.  342 
2.  297 

2.  27.0 
2.210 
2.  179 
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2!  7.01 
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2.  102 
2.37*0  : 
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1.097 
1.  031 
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.320 
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.  2  IS  * 

.212  i 
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2.  099 
2.  030 


2.  33s 
2.  299 


2.  830  ! 
2.  700 
2.  700  i 
2. OK!  i 
2.  7>S3  ! 
2.7*30  i 

2.  IS  I  1 
2.  137. 
2.391  ; 
2.37*0  I 
2.312  i 


2.  900 
2.  S33 
2.  707* 
2.  702 
2.  013 
2.  7*S9 

2.  7m  7 
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1.7*10 
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1  112 

1.429 

1.  110 
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1.  ISO 

1 .  190 

1.397 
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1. 440 

1 . 102  j 

1.  ITS 

1.383 

1.399  1 

1.414 

1.430 

1.445  i 

1.401 

i.  370 

1.3S5  j 

1.  400 

1.415 

1.130  I 

1.445 

1.357 

1.372  j 
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1.  401 
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1.13(1 
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1.343  1 

1.357  ; 
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1.331  : 
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1  1.350  i 

I.  309 

1  i.2sft  : 

1.298  1 
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!  1.333  i 
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1.7.S0  . 
I.  7*7*0  i 
1.  7*31  ! 

1.7*13 
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1.3SI 

1.37*0 
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1.09S 
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1.774  i  I .  sl9  l.v-l  i  t.  90S  1 
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1 . 07.0 
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530  i 

1.  547 

1.  501 

1 . 5S0 

510  1 

1.  527 

l.  513 

1.559 

192  1 

1.  508 

1.  523 

1.539 

475  I 

1.490 

1.  505 

I.  520 

159  ] 

1.474 

1.489 

1.503 

424  | 

1.438 

1.451  i 

1.401 

394  | 

1.  40ft 

!  1.419  1 

1.431 

308 

1.  379 

1  1.391  ! 

1.402 

I  .  01  1 
1.  7*91 
1.7*70 


1.  47*0 
1.420 


1.  702 
1.074  ! 


1  0  is 
1.021 


1.841  l  1 
I  S07*  5  I 
1.770  l 
1.73S  :  1 
I.  709  ;  1 

1.  OS  I  1 
1 . 07*0  f  1 


1.  7*1  s  i  1.7*47*  \ 
1.4S1  j  1.7*00  : 
1  149  !  1.472  , 


.  033 

2.  0S1 

2.  130 

2.  I7S  ! 

•>  .^27 

2.275  ; 

2.  321 

.  005 

2.052 

2.  099 

2.  l  ift  * 

2.  Tli  l 

2.241  ; 

2. 288 

.  97* 

2.021 

2.  070 

2.  110 

2.  102 

2.  20S  i 

2.  254 

.  953 

1 . 99S 

2.M3 

2.  OSS  i 

2.  132 

2.  177 

2.  222 

.  929 

1 , 973 

2.017 

2.000  ! 

2.  101 

2.  118  j 

2.  192 

.  SS5 

1.  927 

I.  90S 

2.010  ! 

2.052 

2.093  1 

2.  135 

.  S 15 

1 .  SS5 

1 . 921 

1 . 901  • 

2.  004 

2.043  ! 

2.  0S3 

MIS 

1.84ft 

1.884 

1.922 

1.900 

1.99S  1 

2.  03ft 

771 

I. MI 

I.M7 

1.884 

1.  920 

1.95ft  i 

1.993 

!  713 

J.  778 

1.813 

1.848  ! 

1. 883 

1.918  1 

1 . 95*3 

.  715 

1.  718 

1 .  7S2 

1.81ft  : 

1 .  S 19 

1.SS3  i 

1.917 

.  OSS  ■ 

1.  721 

1.753 

l.  78ft 

I.MS 

1. 850  1 

I.SS3 

.  004  i 

1.095  : 

1.720  ; 

1.  757  | 

1.789 

1.  820  1 

1. 851 

.041 

1.071 

1.701 

1.731 

1.701  : 

1.792  1 

1.822 

.  020  l 

1 . 019 

1.07S  ! 

1.  707  ! 

1.73ft 

1.705  i 

1.791 

572  1 

1.  599  ' 

1.02ft 

1.1*53  i 

1.079  ! 

1.  700  i 

1.733 

’  5.U 

1  550 

1.  5M 

1  LftOft  1 

1.031 

l.  05*11  ‘ 

I.OSI 

.  190 

1.519 

1.512 

;  l .  50i*  ! 

l .  5S9 

1.M2  i 

1.  035 

2S 

29 

30 

31 

32 

33 


37 

3K 

39 


12 

14 

40 

4S 

7*0 


7*S 

00 


05 

70 


2.327  i 
2.270 
2.22S 
2.  IK5 
2.  144 
2.  100 

2.  070 
2. 030 
2.  007* 

1.977* 

1.94H 

1.921 
1.H90  I  . 
1.S73  |  1.910 


1.790 
I.  77*4 
1.721 


I.S23 
1.7S0 
i  1.77*1 


1.  OHS  I  1.  005 
1.014  |  1.040 


1.7,53  I  1.570 

i 

1.510  1.532 

1.474  i  l.  494 
1.412  i  1.401 


2.  439  I 

2.  495 

2.  551 

2.  007 

2.  :is3  i 

2.  437 

2.  491 

2.  545 

2.332  ! 

2.  384 

2.  130 

2.  488 

2.285  1 

2.  335 

2. 385 

2.  435 

2.  210  i 

2. 289 

2.  337 

2. 385 

2.  199  | 

2.  210 

2.  292 

2.  339 

2.  ion  i 

2.  205 

2.  251 

2. 290 

2.  124  1 

2.  I  OH 

2.21! 

2.  255 

2.090  i 

2.  132 

2.  175 

2.  217 

2.05*8  1 

2. 099 

2.  140 

2.  IS! 

2. 028  1 

2. (XiS 

2.  IOS 

2.  148 

1.999  ! 

2.  038 

2.  077 

2.  lift 

1.972  1 

2.010 

2.  048 

2.080  1 

l . 94ft  i 

1.983 

2. 020 

2.057  | 

1.922  ! 

1.  958 

1.991 

2.030  j 

1.899  ■ 

1.934 

I  1.909 

2.  004  l 

1 .  S5(i  ' 

1.890 

!  1.923 

1.95ft  1 

1.  SIT 

1 .  S 19 

!  I  SM 

,  1.913  i 

l  1.  7S2  i 

1.812 

!  I.  843 

1.S73  | 

1  1.749  l 

1.77S 

1.808 

1.837 

I  1.719  * 

1.747 

|  1.775 

1.803 

i  1.092  i 

1.719 

j  1.74ft 

1.772 

1  1.  000  1 

1.092 

(  1.718 

1.744 

1  1.012  1 

1.1*07 

1  1.092 

1.717 

|  1.020  1 

1.  014 

|  LOOS 

|  1.093 

1.599  I 

1.023 

|  1.040 

i  1.009 

1.  553  I 

1.  575 

1  1.  590 

■  l.  018 

1.514  i 

1.  51M 

j  1.554 

;  1.574 

i  i.  iso  ; 

1.  198 

1  1.517 

1 . 5:91 

2.  003 
2.  7*99 
2.  540 
2.  4S5 
2.  433 
2.  3  HO 

2.341 
2.  299 
2.  200 
2.  223 
2.  1SS 

2.  17.5 


2.  432 

2. 3S0  2. 132 

2.  343  2.  3M0 

2.  302  2.  344 

2. 204  2. 305 

2.  228  2.  208 

12.191  2.232 

j  2.  101  2.  199 

j  2.131  2.108 

I  2.  102  j  2.  138 
i  2.074  |  2.  109 


2.775 

2.8.31  ! 

2.  887 

2.  999 

3.  Ill  ! 

2.  700 

2.700  1 

2.814 

2.  922 

3. 030  1 

2.  043 

2.095  1 

2.  747 

2.  85 1 

2.954  t 

2.  585 

2.  035  1 

2.085  i 

i  2.785 

2.885  1 

2.  530 

2.578  i 

2.020 

|  2.723 

2.820  1 

2. 179 

2.  52ft 

2.  572 

I  2.000 

2.759  j 

2.  470  | 

2.  43(1  I  2.  474 
2.  3S7  j  2.  429 
2.340  <  2.387 


I 


2. 012 
2.  50! 
2.514 
170 


2.  308  1  2. 348  |  2.  128 

2.271  !  2.310  i  2. 3SS 

2.237  !  2.277*  !  2.350 

2.204  2.241  !  2.315 

I  2.  174  2.209  i  2.  2S1 

I  2.  144  :  2.  179  I  2.249 


j  3.335 
I  3.245 
I  3.  102 
1  3.085 
I  3.013 


2.  508  j  2.  5SS  |  2.  008  i 

2.400  i  2.514  I  2.021 
2.  420  !  2.  502  t  2.  578 
2  389  1  2.  102  ■  2.  530 
2. 353  I  2.  425  !  2.497 
2.319  i  2.389  I  2.459 


3.  147 

3.  559 

3.  701 

3.  7  S3 

3.  S95 

3. 353  i 

3.  400 

3.  508 

3.  070 

3.  783 

3.205  i 

3.  309 

3.  173 

3.  577 

3.  080 

3.  185  ! 

3.  285 

3.  385 

3.  185 

3.  585 

3  .  109  j 

3.  200 

3. 302 

3.  399 

3.  195 

3.  039  1 

3.  132 

3.  220 

3.  319 

3.412 

2.973  i 

3.  003 

3.  151 

3.  244 

3. 334 

2.911  i 

2.999  j 

1  3.08ft  ! 

3.  174 

3.  201 

2.854  i 

2.  938 

1  3.  023  j 

3.  108  - 

3.  193  1 

2.799  1 

2.  SSI  l 

1  2.904  1 

3,  (MO 

3.  128  1 

2.748  | 

2.  S2S  i 

!  2.908  ! 

j  2.988  : 

3.008  j 

2. 090  i 

2.777 

1  2.855  | 

1  2.932  1 

3.010  1 

2.053  ; 

•1  729 

!  2.805  1 

i  2.  SSO  : 

2.  95ft  1 

2.010  I  2.  0K3 
2.508  i  2.040 


2.  831 
2.712  I  2.  7S4 
2.009  !  2.739 


1.950  1  1.990  i  2.023  t  2.050  i  2.090 


1.945  j  1.970  i  2.  (K)S 

1.904  I  1.934  |  1.901 

1.800  i  1. 895  I  1,924 

1.H31  i  1.859  j  1.887 


2.010 
1.995  : 
1.953  : 
1.915  i 


1 . 799 
1.  770 
1.742 
1.717 
1.093 

1.039 
1.  594 


1  820 
1 .  790 
1.707 
1711 
1.  710 

1.(101 
1,014  I 


l,  853  I  l.SSO  i 
1.822  i  1.848  I 
1.792  !  1.  817 


705  j 
739  ! 


I .  OKI 
1 . 034 


1.7S9  i 
1.703  ! 


1.704 

1.054 


2.  123  I 

2.  19ft 

2.  250 

2. 323 

2.  390 

2.  450 

2. 

2.072  1 

2.  130 

2.  199 

2.  203 

2.327 

2.  390 

2. 

2.025  l 

2.  (ISO 

2.  147 

2.  208 

2. 209 

2.  330 

2. 

1.983  j 

2.  041 

2. 099 

2.  158 

2.210 

2.  274 

2. 

l.  913  1 

1.999 

2. 055 

2.  Ill 

2.  107 

2.  223 

2. 

1.907 

1.901 

2.015  i 

2.009  i 

2.  122 

2.  170  ; 

2 

1.873  ! 

1.925 

1.977  ; 

2.029  I 

2.(181 

1  2.  1X1  ! 

2 

1.S42  ! 

1.892 

1.942  i 

1.992  i 

:  2.042 

i  2.092  1 

1.813  i 

1.801 

1.910  | 

1.958  i 

!  2.  000 

!  2.055  : 

!  'J 

1.  780  j 

1.833  i 

1.879 

1.920  ! 

!  1.973 

2.020 

2.7*90 

2.517 

2.451 

2.391 

2.335 


2.  0.50 
2.  5S1 
2.  512 
2  449 
2.  391 


1.554  1  1.7*73  1  1.7*92  !  MHO 


1  720  i  1.709  :  1. 812  t  1.855  I  1.S9S  I  1.91!  I  1.9S4 

1  074  I  1.714  1.754  I  1.79.1  !  1.834  !  1-874  i  1.914 

l'029  I  1  000  1.704  !  1.741  I  L77S  I  1.810  I  1.853 


2.284  i  2.  33S 
2.230  i  2.  288 
2.  192  !  2.  212 
2.  151  i  2.  199 
2.  113  j  2.  10O 

2.027  I  2.070 
1.97*4  I  1.994 
1.890  I  1.928 


>.  904 
2.  850  1 
2.809  I 

2.72:1  ; 
2.045 
2.573  i 
2.508  I 
2.447  ! 

2.392  i 
2.310  l 
2.  292  ! 
2.248  i 
2.200  ! 


2.113;  2.150 

2. 034  i  2.074 
1.905  i  2.002 


4.  007 
3.  891 
3. 784 
3. 085 
3.  7*92 
3.  7*00 

3.  425 
3. 319 
3.  278 
3.211 
3.  148 

3.  IKS 
3. 032 
2. 978 
2. 927 
2.  S79 

2.  790 
2.  70S 
2.  034 
2.  500 
2.  503 

2. 110 
2.  392 
2. 342 
2.  290 
2.  253 
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TAHLE  :i 

A,  Hi  FOR  FLAT  PANELS  WITH  Z-SKC’TION  ST  I  FEE  NEKS. 
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fs 
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25 

1. 4117* 

1.4M 

l.  120 

:  1.  112 

:  1.  17*7 

1.174 

1.  ISO 

1.7,01 

;  1.7*20 

l .  441 

1.  7,r.l 

l.  4X2 

1.011 

1.  Oil, 

l.  070 

1.  707 

1.  74S 

1  709 

1.  Vl| 

1.S42 

i.  sea 

■Jli 

1.4SI 

l.  4117* 

i.  no 

1  127* 

1.  140 

i  1.17,7, 

l.  170 

1.  ISS 

1 .  1*  ii  i 

1.  117* 

1.1k ’.0 

1.  ‘on 

1. 1,11(1 

1.  020 

1.  01) 

1.  0X0 

1.  710 

t.  710 

i 

1  Mil) 

l  X4(l 

27 

i  inn 

1. 4S(I 

1 . 407* 

1.  100 

l.  121 

i  I.14S 

i.  17,2 

.  1.  U',7 

l.  IM 

1.  100 

1.7*10 

1.  110 

1 .  ins 

1  1,07 

1.  020 

1.01*1* 

l.osi 

1.  712 

1.  711 

J  717, 

1.  770 

1.  709 

2H 

1.  4  7*4 

1. 4117 

I.4M 

1.401 

1.  10S 

i  1.122 

1.  140 

1.47,0 

:  l.  lot 

! .  17S 

1.  102 

1  120 

1.  IIS 

1 . 170 

1.  001 

1.  011 

1 .  07*0 

1.0X7 

1.  714 

1  771 

211 

1 . 4  1*1 

1.47*1 

1 . 4»n 

'  1.4M 

1 . 404 

'  1.  IDS 

!  1.  121 

l.  14.1 

:  1.  Its 

1.  102 

1.  171 

•1.402 

1 . 1*20 

1.  410 

l .  1S4 

1.  oil) 

l.  040 

l.'iHI 

l.  717 

1. 711 

:h 

t.  4211 

!  412 

1.47*7, 

I.40S 

1.4S1 

'  1.401 

1.107 

1.  120 

1.  144 

! .  110 

1.  110 

1  |s4 

1.  41  1 

1.117 

1 .  104 

1 .  ISO 

1.  Oil, 

l.on 

1  007 

1 . 004 

1  719 

1.4111 

1.441 

t.  4 1 1 

.  1.  47,0 

1.400 

!  1.4S! 

1.401 

1. 107 

1  i.  no 

!.  142 

1.  ill 

l.  170 

1.  101, 

1. 120 

1. 147, 

1. 1*70 

1 .  1,01, 

1.021 

1 .  040 

l.  071 

l  090 

:’,2 

1. 4011 

1.421 

1.444 

!  1.417, 

1 . 47.7 

i  1.470 

:  1.4X2 

.  1.401 

l.  loo 

I.  ns 

1.  HD 

1.  11,1 

1.  170 

1.  1*01 

1 . 12S 

1.  1,1,2 

(  .*77 

1.  till  1 

1. 020 

1.  07,(1 

l.  074 

:;:t 

1 . 21  lit 

1.411 

1 . 424 

i  1.44.1 

1.417 

i  I.4.1N 

i  1.470 

:  1.4S2 

1.401 

1.  100 

l.  117 

1  HI 

l.  107* 

1 .  iss 

1.1,12 

1.  1,40 

i .  :*:,!) 

I .  .  iSl{ 

l.  007 

1. 040 

l.Olvl 

:;t 

1.  21D 

1.402 

1.414 

!  1.427* 

1.440 

1  1.4  IS 

1  1.47,0 

!  1.471 

1.4X2 

1 . 40 1 

1.  107. 

I.12S 

1.  11,1 

1  174 

1.  107 

1. 1*20 

i.  ini 

1 .  1*00 

1  1\sy 

1.012  . 

1 , 047* 

1.2*2 

l.  21)4 

1.404 

|  1.410 

1.427 

!  I.44S 

I  1.410 

! 

:  1.400 

•  1.471 

1.  4X2 

1 . 401 

i.  no 

1 .  IIS 

1.  ion 

I.  -is:* 

1. 1*01* 

:  1.1*27 

1.  7,1,11 

1  7*72 

1.1*114 

I.  010 

1.  271 

t.  2X7, 

1.200 

•  1.407 

1. 41S 

■  1.42S 

:  1.440 

1.410 

i.  ::o| 

1. 172 

i.  is;: 

1  11)1 

1.  120 

i  ns 

1.  too 

i.  nn 

i.  :,i:: 

1 .  7,1 1 

i 

1 .  1>7S 

1  7>99 

47 

1. 2i*7 

1 . 277 

l.  2ss 

i  1.  20X 

1.400 

i  1.420 

1.440 

!  1.411 

1.411 

1.402 

1.472 

1.  40.1 

l.  II  1 

i  no 

1.  11,7 

1.  ITS 

i.  too 

1.1*20 

i .  7*4 1 

1  1,02  : 

1 .  .VM 

is 

t.  2tVt 

1 . 270 

1.  2S0 

!  1,201 

1.401 

1  1.41! 

(  1.421 

!  1.442 

1.412 

1.442 

1.404 

1.4S4 

l.  I0| 

I  121 

1.111, 

1.  107* 

:  1.1X0 

1.  1,00 

1.1*17  : 

1.  i*os 

49 

1.27*4 

1 .  204 

1 . 274 

i  I.2S4 

1.204 

i  1,404 

1  1.414 

1  1.424 

l.  444 

! .  4  14 

1  444 

1 . 174 

1 . 401 

1.114 

1.  114 

1.11,1 

1.474 

1.  104 

1. 104 

1.7,14  l 

1.  7*  *4 

in 

1.217 

1.27*7 

1.200 

i  1.270 

1.2S0 

!  1.200 

:  1.407, 

1.417, 

1.421 

1  441* 

1.411 

1.401 

l.  1S4 

1.  HU 

! .  122 

1.442 

1  1.401 

1.  ISI 

1  UNI 

1.1,20  t 

1.519 

12 

1.247* 

1.244 

1.2.11 

i  1.204 

1.272 

‘  1.2S2 

!  1.201 

1.  400 

I,  400 

1.410 

1.  42S 

1.417 

1.107* 

1.4X1 

l.  102 

1.  121 

1.  140 

1.  I7*X 

l.  177 

1.  11*7* 

1.101, 

1.7*14 

It 

1.221 

1 . 244 

1.242 

!  1.27*1 

1.20(1  |  1.20!) 

1  I.27S 

I.2SI* 

1 . 201 

i.  4111 

1.414 

1.141 

1.410  . 

1 . 400 

1.1S1 

1.402 

1.  Ill) 

1.147 

1.474 

l.  490 

n; 

1.217* 

1.224 

1 . 22.2 

1.21(1 

1.210 

1 . 2.17 

1  1.200 

1.271 

1 . 2S4 

1.  201 

1.  200 

1.110 

1 . 144 

1 . 47*0 

1. 107 

1.4K-I 

! .  till 

i.  ns 

1.  Ill* 

1.41,2  : 

1 .  4C* 9 

is 

1  20*1 

1.  214 

1 . 222 

;  1.240 

1.  24S 

1.210 

i  1.211 

1.204 

l.  271 

1.  270 

1.  2X7 

1.104 

1.110 

1 . 140 

1 . 47,2 

l.  4  OS 

1.  4sl 

1.101 

1.  417 

1.414 

1.  41*0 

.VI 

1.  11(7 

1.207, 

1.  214 

1.221 

1.22!) 

1.247 

!  1.211 

1 . 212 

1.  200 

1 . 20X 

I.  270 

1  201 

1. 407 
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'  2.515 

2.010  I  2.000 

1.001  !  2.052 
l .  005  i  2.  (Hi  t 
1.040  *  1.070 
1.017  !  1.051 


2  170  i  2.210  j  2.202  s 


2.111  . 
2.  115  * 
2.085  ' 
2.050  i 
2.020  ! 


2.  185  i 
2.  155  : 
2.  125  1 
2.001 
2.007 


2.  104 
2.  102 
2.  155 
2.  104 


1.875 
1.855 
1.707 
1.701  !  1.705 
1.755  !  1.705 


I.  000 
I .  sr.7 
l ,  850 


I  Oil 
I.  001 
1.802 
1.-S20 
1 .  705 


l  .  080 
1.  050 
1 . 805 
1.858 
1.825 


2.010  2.052 

1.070  2.004 

I  028  !  1.000 

1  880  i  1.020 

1.855  i  1.SS8 


•2.  207 
2.  101 
2.  118 
2.078 
2.011 
2.000 


2.  200 
2  25 1 


2.  171 
2.  1  12 


1  705  i  1.751  1.705  i  1.702  !  1.821  I  1.8 10 

10,70  i  1.707  1.755  !  1.702  I  1.790  '  1.818 

1  055  i  1  082  1.708  !  1.755  j  1.702  !  1.  *80 

1.052  I  I.  058  !  1.084  1  1.710  j  j-730  f  1.701 

1.011  j  1.050  j  1.001  |  1.1,80  |  l.  ,H  ;  1- 

1  504  !  1.587  1.010  i  1.052  |  1.050  j  1.070  : 

1  V*4  :  I  515  •  1.507  I  1.588  I  1.010  I  1.051  ; 

l ;  iso  L500  1.520  !  1.510  1.500  '  1.580 


2.  107 
2.  155 
2.  1 1 1 
2.075 
2.057 


1.071  2.001 

1.045  ,  1.075 
1.015  |  1.015 
I.SS8  I  1.015 
1.802  1  1.880 

1.858  i  1.804 
1.810  i  1.811 
1.701  I.SIO 
1.771  1.708 


1. 


1. 


1.710  1.741 

1.08*1  ,  1.707 
1.050  i  1.077 
1.020  !  1 . 0  IS 
1.001  I  1.022 

1.580  :  1.508 
1.550  ;  1.570 
l .  550  I  1 . 550 


1.520  ! 
1.  505  i 

]  101 
I.  151 

I.  102 


1 . 557 
1.510 

1.  170 
I  1 15 
1.  115 


2.  282 

•I  Is7 
2.  1 15 
2.  1**5 
2. 1  *00 

2  051 
2. 002 
1.071 
;  1.015 
I  010 

!  1.800 
:  1.8*10 
1.814 
1 . 822 
1.801 

1 . 705 
1 . 720 
1 . 007 
:  1.008 
;  1.011 

1.010 
1.501 
i  1.572 
!  1.555 
1.551 

l .  405 
.  1.  158 


2.212 
2.  170 
2.  151 

2.  005 
2.000 
2.028 
1**08  ! 
I . 000  - 

i  1.012  : 
1.017 
1 . 805 
1 . 870 
1.8  IS  : 

1.808  I 

1 . 758 
1.707  . 
1.070 


-J70 


2.  5*l7 
2.  1 10 

2.  5  10 
2.  200 
2.  27.0 


2.  1  10 
2.085 
2.055 
2.025 

1.001  ; 
1.008  ' 
1 . 0 12 
1.018 
l .  805 

1.852 
1.81  1 
l  .  778 
1 .  7 10 
1.710 

l .  *188 
I .  *105 
1.050 
1 . 585  1.017 

1 . 505  1 . 507 


1  522 
! .  485 
I.  152 


l .  028 
1 . 000 


2.  1  12 
2.  108 
2.1*70 

2.017 
2.018 
1 . 001 
1 . 0i  ',0 
1.012 

1.807 
1 . 8.50 
1.810 
1 . 78.5 
1 . 75:; 

1.721 
1 . 008 
1.075 
1.050 
1.028 

I  .  7>8(  I 


1.51 1 
1.  177 


5  127  ,  5.  217  5.  507 

5.015  i  5.  Hill  5.  27,; 
2  000  i  5.080  i  5.  101 
2  800  !  5.000  I  5.  115 
2.855  I  2.057  1  5.010 
2  772  ‘  2.872  j  2.072 


l .  '.<05 
1.051 
1.015 

l.  87s 
1.8 10 
1.81.5 

l.  70 1 

1.705 

l .  052 

1  rti»» 


t 

ts~ 


2  887  i  2.017  5.007 

2.  SI 4  ;  2  872  !  2.050 
2.717  1  2.802  I  2.85s 
2.085  |  2.758  i  2.702 
2.020  !  2.078  i  2.750 
2.  572  i  2.  022  1  2. 072 


2.  522  1  2.  570  1 
2.174  |  2.521  ! 
2.  120  t  2.  475  1 
2.587  2.  151  ! 

2.518  |  2.  5'.K)  ! 

2.510  i  2.552  ; 
2.275  1  2.515  . 
2.211  2.2M 

2.200  *  2.248 
2.  179  i  2.217 

2.  125  2.  150 

2.072  2.100 

2.025  i  2.0.58 
1.085  j  2.014 
1.015  i  1.075 


|  007  j  1.050  ,  1.005  :  2.022  ,  2.080  , 
1.875  I  I  .‘Nil  i  1.020  !  1.085  !  2.040  ! 
1  812  1  1.800  ;  1.80*1  :  1.040  *  2.  IMIS  : 

I*  SI 5  |  1.850  i  1.805  i  1.917  i  1.908  I 

1.780  j  1.811  i  1.850  !  1-88*1  I  1.950  : 

1  720  i  1.719  I  1.772  |  1.818  j  1.8*14 

1.074  |  1.095  !  1.717  !  1.700  I  1.802  ! 

1.029  i  1.019  i  1.000  i  1.709  !  1.710  - 


2.  582 

I  105 
2.  112 


2.  250 
2.  108 
2.  105 
2.  150 

2.000  • 
2.000 
2  OH 
2.01  l 


1 . 080 

1.912 
l.  800 

l.  son 
1 . 82  I 
1.701 

1.700 

I.  70*5 
1 .  OVJ 
1 . 050 

I .  *108 
l .  .505 


2.  0.'<7 
2.  .505 
2.551 
2.  170 
2.  128 
2.  58 1 

2.  550 
2.201 

•5  21S  • 
2.  185 

2.  151  i 
2.  NO  ■ 

2.  non  * 
2-002 
2.055  : 

1.08*1  i 
1.911 
1.900 
l .  805 
.  I . 828 

1 . 790 
1 . 707 
1.710 
1.714 
1 . 01*0 

1.057 
1 .  502 


2.  0*15 
2.  005 
2.  510 
2.  405 
2.  1 15 

2.  5! HI 


2.205 
2. 170 
2.  150 
2.  Mo 
2.082 

2.051 
l.OSI 
l .  0  II 
1 . 002 
1 . 80(1 

1. 855 

1  -J-! 

L  710 
:  1.722 

1.000 

1.018 


5.  187 
5.  501 
5.  502 
5.  220 
5.  144 
5. 072 


5  007 
5.  500 
5.  Il  l 
5.  527 
5.217 
5.  172 


.  5.155 
:  5.551 
j  5.272 


2.  018 

2.715 

2.SI2 

2.  9*19 

5.005 

2.  5*18 

2.  0*11 

2.  755 

2.  849 

2.  915 

2.  520 

2.  011 

2.  7*12 

2.  795 

2.  88-1 

2.  170 

2.  504 

2.  052 

2.  710 

2.  828 

2.  155 

2.  519 

2.  095 

2.  *11  HI 

2.  770 

2.  591 

2,  477 

2.  509 

2.  011 

2.  727 

2.  550 

2.  157 

2.518 

2.  509 

2.  080 

2.  520 

2.  500 

2.  178 

2.  557 

2. 05*1 

2.  28*1 

:  2.5115 

2.  440 

2.  517 

2.  501 

2.251 

2.529 

2.  404 

2.  179 

2.551 

2.  105 

2.  20*1 

2.  557 

2.  O'O 

2.  1st* 

2.  1  I** 

2.  298 

2.  277 

2.  515 

2.  115 

2.  901 

•  2.  150 

2.  221 

2  28»i 

2.  551 

2.915 

i  2.  1*18 

1  2.  170 

2.  255 

2.  205 

2.  IK  15 

j  2.  905 

2.  125 

2.  185 

!  2.  215 

5.  102  i  5  100 
5.05*1  i  5.  ISO 
2.975  I  5.000 
2.917  5  1*0,5 

2.  802  :  2.018 


2.  810 
2.  7*11 
2.71.5 
2.  071 
2.  021* 


2.  117 
2.5.58  s 
2.5*15  : 


2.  ''07 

2.881 

2. 0*0 

5.051 

•1  7:17 

2.890 

2.  "M 

2.  953 

j. 

2.  7 12 

2.811 

2.881  , 

2.015 

2.  089 

2.  7  17 

2. 814  = 

-_*  ;,;,7 

2.  022 

2.  08*1 

2.  751 

2.  .'<*15 

2.  50- 

2.  *150 

2.  095 

2.  157 

2.517 

2.  578 

2. 038  i 

2.  til 

2.  179 

2.528 

2. 587  ' 

2.  509 

2.  125 

2-  182 

2.539 

•*  528 

2.  585 

2.  158 

2. 191  , 

2-  200 

2.  511 

2.597  ■ 

2.  151  j 

J*  ‘i/iS 

2.  597 

2.559  i 

2.  Ill  i 

■>  •>•»! 

2.271 

! 

2.372  j 

2. 180  : 

2.  258 

2  1*87  1 

2. 33*1  ! 

2  158 

2.290 

2.251 

2.  3*12 

J  129  ■ 

2.  170 

2.225  1 

2. 270  i 

2. 975 

2.  120 

2105  i 

2. 209  i 

2. 920 

:  2.000 

2.  112  ' 

2. 154  j 

1  082 

2.025 

2  0**5  : 

2.  in  1  - 

1.011 

:  l.OSI* 

2.019  * 

2. 058  : 

1.005 

:  1.941 

1.978  i 

2.010  ! 

1  —00 

MKI5 

1. 911  i 

1 . 977  1 

1 .  -so 

1  871 

1.00*1  i 

1 . 91*1 

1.  NlO 

1.810 

1.875  ; 

1.907  ; 

1  779 

1.811 

1.843  t 

1.875  1 

l.  755 

1.784 

1 .  SI  5  t 

l .  810  1 

1.721 
1 . 072 
l.  027 


1.752  :  1781 

1  009  1.725 

1.052  ;  1*177 


2.  801 
2.812 
2  70 1 
2.  7  18 
2.  7**1 

2.  025 


5  8 17 
5.  757 
5.  <150 
5.  542 
5.  15} 
5.  572 

5.  20*1 
5  224 
5.  1.57 
5.  005 
5.055 

2.  02*1 
2  875 


2  017 

]’  1 85 
2.  125 


5.  007 
5.  S55 
5.717 
5.  *119 
5.  558 
5.  172 

5. 502 
5.  518 
5.218 
5.  181 
5.  1 10 

5.  o*vi 
5.0*15 
2.  0.52 
2.  '.m2 
2.  8.54 

2.  TOO 

2.  012 
2.515 
2.  185 


1  *187  ; 
3.908  ! 
5.858  I 
5.75*1  i 
5.001  | 


I 

5.  489  1 
5  III  ! 
5  558  I 
5.270  1 
5.  205  I 

5.  144  i 

5.080  1 
5.051  i 
2.979  : 
2.020  I 

2  V37 
2  7.5 1 
!.  *178 
r.  (MIS  • 
1.545  | 


1.207 
5.  085 
5.  009 
5.  805 
5.  7*11 
5.  *172 

5.  580 
5.  505 
5.  429 
5.  558 
5.  290 

5.  Tot 

5.  1 10 
5.  0-5*1 
5.004 

2.  900 


715 
!.  *170 
>.  005 


5*i9 


i.t* 

990 

957 

92*1 

080 

I.Ml 

2.  151 

2.  119 
2.972 
2.950 

2.207 

2.  104 

2.  121 

2.  *18*1 

2.  202 

2.  217 

2.  175 
2.  130 

2.  3 IS 

2.  271 

2’  TsO 

2.  371 

2.  321 

2.  279 

2.  230 

2.129  1 
2.378  1 
2.3.30  ; 
2.280  i 

2.  485 
2.  432 
2.381 
2. 330 

910  1 
815  1 
789  1 

1.050  1 
1 . 888 

1  1 . 829 

2.  005 

1  931 

1 . 8*19 

;  2.910 
;  1.071 

1,  9110 

2.995 

2.017 

1.919 

2.  HI 

2.  9*iO 

1  l . 089 

2.  187  1 

2. 102  : 

2. 029  ! 

2.  233 
2.  145 
2.  *109 
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tabu*:  I 

VALUES  AXO  COMPUTATIONS  FOB  OBTAINING  IDEAL  DESIGN 

\I\=:\A)  kips/in.:  c=  l| 


Stop  1 

Slop  2 

Stop  ;i 

Stop  1 

Slop  ft 

l. 

| 

(in.) 

t  H 

ha  h  i 

.  1  i 

ts 

t  it 

hs 

ft  W 

(  kif’s  U':\ 

ts 

ts  fir 

ik<i)  ts 

(in.) 

(in.  i 

(in.) 

i  in. 

in. 


m 

().  :tn 

0.  ftl 

•  (- 

20 

u;trn 

1  127 

«  o.  no  is 

■'  0.  021ft 

«  1 . 07 

mi.  s2 

.  o:i 

2s 

27) 

:r,  o 

1  002 

.Oft  20 

.0221 

1.  17 

.  S2 

.  7!) 

•_".l 

21 

;<o.  7 

1.  son 

.  (11  to 

.  02  Is 

1 . 2S 

.  s2 

I  no 

20 

21 

:t7.  I 

2.  227 

.0.112 

.0242 

1.  00 

.  S2 

■jii 

.  ia 

.  7.1 

;i2 

22 

2S.  7 

1.  1211 

.  0722 

.  0272 

2.  21 

1.  11* 

.  f.:i 

;;;; 

:u 

<* :«».  i 

)  012 

-■  0012 

"  II2S0 

•*  2.  ( 12 

‘  1.  20 

.  7!) 

21 

20 

2  i .  it 

! .  M  i2 

.  Oft  III 

.  0102 

l.  72 

l.  17 

1. 00 

:r, 

28 

22.  2 

2.  20S 

.  011  1 

.011  i 

I.  11 

1.  1ft 

i  :so 

.10 

.ftl 

:il 

27 

2ft  o 

1 .  4A7 

.  IIS2  I 

.0121 

2.  SI  1 

1 .  AO 

.  ■;:« 

2  a 

»  27.  1 

1.0  HI 

■<  .  no  7ft 

■>  ,012ft 

■»  2.  20 

*  1.10 

i 

.  7U 

27 

:« 

27.  S 

1  SMi 

.  Oft  72 

.  olft2 

2.  12 

1.  Ill 

1.00 

;;s 

21 

28.  0 

2  27S 

.  o  10! 

0101 

1 . 7ft 

1  12 

«  V:ilin\s  iiulicntirnr  (icsisrns  thnt  approach  rcipuri’mcnt  of  f.s=o.ool  in. 


tabu*:  :> 

VALUES  AND  COMPUTATIONS  FOR  OBTAINING  PRAC  TICAL  DESIGN  BY  SHORT  METHOD 


£  /\  =  2.0  kips  in.;  A,  -20  in.;  e  =  I;  /a=n.noi  in.;  —  ti.79 


St  ('ft  ! 

Step  2 

Stop  2 

Stop  4 

f'S 

ts 

Stop  ft 

J:  : 

stop  t; 

St.-p  7 

/*,_ 

r~\'c 

^  kips/in.  ^ 

hs 

ts 

ftjF 
t  W 

•t 

(ksi) 

ts 

(in.) 

fksi) 

ts 

r. 

(kips/in.) 

tw 

fin.) 

t>s 

(in.) 

j 

I  hie 

\  (in.) 

tttr 

(ksi) 

For  t.  =0.004  in. 

0.  1ft 

20 

20 

20.  SI 

2.  000 

0.  (Hsi 

12.2 

20.  l  ! 

2S.  8 

1.019 

2. 08 

0.  Oftl 

2  77 

1.22 

22.  ft 

2ft 

20 

21.7 

1 .  S02 

'  .  OftOS 

•HI 

2S 

21).  7 

1.711 

.  OftOft 

i 

1 

i 

AO 

20 

27.  1 

1 .  A2 1 

.  0722 

i 

! 

! 

i 

! 

L... 

TABLE  C, 


VALUES  AND  COMPUTATIONS  FOR  OBTAINING  DESIGN  FOR  MAXIMUM  STRUCTURAL  EFFICIENCY 


[ 


=2.0  kips  in.;  L=‘H\  in.;  c=  l:  fs=0.00l  in.;  f-~  —o.79 


] 


Slop  l 


Step  2 


Slop:!  Slop  4 


Slop  7 


Stop  8 


Stop  U 


]  L  v  r 

I  ^  kips/in.  ^ 

|  n.  is 


ft  a 

t'W 

— 

hs 

hw 

"/ 

.1, 

fa 

fa 

tw 

(ksi)  .1, 

/’  i  tw 

ft  a 

hw 

j  (ksi)  ( 

ts 

tw 

(ksi) 

ts 

(in.) 

I 

■ - - 

- -  ts 

(kips.in.i  (in.) 

(in.) 

(in.)  |  J 

For  ts  =0.001  in. 

20 

2ft 

20.4 

1 .  SftS 

0. 0012 

12. 1 

2ft.  0 

29.  0 

1.012 

2.99  O.Oftl 

i  2. 09 

1  1.27 

24. 0  | 

20 

27.  1 

1.  71ft 

.  0040 

2ft 

27.  2 

1.012 

.  0082 

j 

40 

27-  8 

1.  A2G 

.0702 

| 

2ft 

20 

29. 9 

1.S01  ! 

.  OA49 

2ft 

20.  2 

1.728  i 

.  0.A72 

40 

29.  ft 

1.04ft 

.0018 

AO 

27.  1 

1.. ft  HI 

.  0720 

20 

2ft 

21.  7 

1.802 

.aw 

| 

40 

29.  fi 

J.7AA 

.aftTS 

AO 

20.  9 

1.001 

.  0090 

00 

21.  ft  ! 

I.  A02 

.  Os  14 

: 

40 

2ft 

20. 2  j 

2.112  i 

.  0A42 

! 

i 

1 

40 

2ft.  8 

1.972 

.  0A89 

■ 

! 

AO 

22. 8 

1.778 

.  0709 

1 

00 

22. 0 

1.0-19 

.  O-SOft  ; 

AO 

2ft 

22.  2 

2.  202 

.  0ft4  7 

i 

i 

1 

1 

10 

22. 1 

2.  192 

.  0ft84 

■ 

1 

AO  j 

22. 2 

1.9A2 

.  0088 

i 

00 

20.  7 

1.791 

.0812  1 

! 

i 

I 

! 

| 

1 

CHARTS  FOR  DESIGN  OF  24S-T  ALUMINUM-ALLOY  COMPRESSION  PANELS  WITH  Z-SECTION  STIFFENERS 


TABLE  7 

TEST  DATA  ON  WHICH  DESIGN  CHARTS  ARE  BASED  FOR  24S-T  ALUMINUM-ALLOY  FLAT  PANELS  WITH 

LONGITUDINAL  Z-SECTION  STIFFENERS 


bw 

bw 

tw 

bur 

.ft  I  26.3 
!  23.7 


ba 

ts 

bw 

tw 

bw 

bw 

(ksi) 

0.  ftl 

i  50 

25 

0.3 

25.2 

24.7 

20.8 

15.2 

.4 

25. 9 
24.0 
22.2 
13.6 

.5 

26.  5 
24.0 
22.8 
15.0 

30 

.3 

25.6 
24.3 

22.6 
15.7 

.4 

2ft.  0 
23.8 
22.6 
16.4 

.5 

2ft.  ft 

24.4 
23.0 

16.5 

40 

.4 

23.3 

22.2 

20.2 

15.7 

75 

50 

20 

.4 

.3 

21.3 

19. 1 
18.0 
15.6 

22.4 

18.4 

16.5 

12.2 

.4 

20.5 

10.2 

16.7 

12.0 

.5 

21.2 

18.6 

17.2 

13.3 

2ft 

.3 

21.0 

18.6 

16.5 

13.7 

.4 

21.0 

19.4 

17.5 
12.2 

.5 

20.9 

19.4 

17.6 

12.8 

30 

.3 

10.9 

18.8 

16.4 

13.  6 

.4 

19.1 

19.  H 

j 

13' 4 

.5 

20.6 

19.8 

17.0 

13.2 

;  40 

.4 

19.2 

17.9 

16.8 

12.8 

50 

.4 

17.0 
16.2 
14.9  ; 

11.7  | 

ba 

bw 

bw 

“f 

Pi 

Lf\c 

bs 

bw 

bw 

Pi 

Llyfc 

is 

tw 

bw 

(ksi) 

(  kips/in.  \ 

ta 

tw 

bw 

(ksi) 

(  \ 

! 

^  in.  ) 

\  in.  / 

.4  28.  0 
25.0 

20.4 

13.5 


.4  17. 7 

17.5 
16.0 
13. 1 
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TABLE  7— Concluded 

TEST  DATA  ON  WHICH  DESIGN  CHARTS  ARE  BASED  FOR  24S-T  ALUMINUM-ALLOY  FLAT  PANELS  WITH 

LONGITUDINAL  Z-SKOTION  STIFFENERS— Concluded 


1.  s.  GOVERNMENT  PRINTING  OFFICE;  IT 


'  .  r'K .  : 
./  •'r;/:1- //  --V-  ;  -y 

^  OijY+Ji.  n*  1'}  ^ ~  4-  ■  * .  *  +  -•• 


.y'X 

•  j,  --ivy  •  1  ■•■•  .■• 


.  "N  (  *■  /  ■•■■■  'A 

•%  *  .  .  -y  ,  \  :w  •  .  y 

■  r-yAxiff •  r~V"  ) 

Force 
(parallel 
fo  axis) 
symbol 

Moment  "about  axis  rV  J  j  -  j 

'  •'y*  -fe.  >  •  }  ,  V 

.'.Angle. 

H; 

..  ’•  W  ■  ''V.  ^  y 

>  J )  Designation 

.  y  r  '  y  V V. 

■  Designation 

'  '  V  ',:  '  "  ’ 

^iv ' 

Sym¬ 

bol 

^  Positive 
direction 

• \  „•  .  ■>•. 

■j  s  ■■■' 

Designa-  " 
tion 

,  ••  ;  "ot 

Syjn- 

M: 

U— . . . . . 

■- 

;  LongitudimiL;.^. 

,  Normal— 

"i  ~ 

?,;jrv 

;5^  ^  '  - 

^  '.Z'yr- 

•> "  ■  -  V‘:\ 

Rolllng-l; — 
Pitching^— 
"Yawing. — - 

r  L 

1  N 

z—>x  •  ■  1 

;;rap — r: 

v  :■  f. 

\R61L,^ 
PftcbL-—^. 
Yaw _ _ 

.  e 

Velocities  >• 


p  Linear  ? 

(compo- 

nentalong 

axis) 


Angular 


'  .  M  •  . 

■  ur  .. 
>L  t'': 


v"  P 

-  f 


,>*V’ 


U  ^  l\  /,■  •?  •  :•  - . 

>'A  * 

■'''';  >■'/-  ■'  / .  '.  1  \  •  *.  i 

y,  - 


.*•  fe; 
<-y 


^  '  *■ ;  v  .  -.n-. " 


r  -  Absolute  coefficients  df  moment  y'‘  '  Angle  of  art  of  control  surface  {relative  to  neutral  e  r  f  i 

:  :  f  ADsomte.coeinc™  9^  ^  , ... ^..  ;  -Ration), «.  -  (Indicate  surface  by  proper  subscript.  V..  .  ^  ■  y  : 

;  y-^..  y*“p  :  ;  ' 

./,/  (rolling)  (pitching)':  .'-  (yawing)  ,  ^  yyv\'  '  y  '■'■  3  '  r  y,;yy3-~yyy : 


4.  PROPELLER  SYMBOLS 


D~  Diameter  ■  '  -  •  ;  p  Power,  absolute  coefficient  (^p=~Zflfy,  :  j- 

p  Geometric  pitch  ,  -  ..  V  .  r>,.  ■.  ■  r  >•  r,  .  pw  Lr>  4/  ..  >•*  •  ;•■• 

_p/D  Pitch  ratio  -  ■■  ex'  O,  Speed-power  coefficient —<j-pri  A  i. .  '  ^  . 

IT/  T«flftnr  trnfAiMfff  *  >*•  1  ,~r'  ‘  •<  .  '  .'■  l'!*«  .  '  .*v  ••  x  >-•  :•  w  •  •>'  <'  . 


. ' V'  Inflow  velocity , 

■■  "■  3  .  'VI; '  .  Slipstream  velocity; \  ^ 

T  Thrust,  absolute  coefficient  @t=-^ tq* 


Speed-power  coefficient = y 
Efficiency 

n  ,  ;  .  Kevolutions  per  second,  rps 


-  ■ '>4v-r';.-:‘v  ■'  ,T  ■  \ 

■  .  Vx'-’v  '  ; 


'  ^  1/  v  /  y  \ 

,  X..-  ..  „y. :  - \  f  X./ 3  . ,y  '  *'  q  Kv;  *  •  Effective  helix  ahgle=?tan"J(  ) 

Q  Torque,  absolute  coefficient  (70=-^^  V  A :  ,y 


*  y  . 

^  •  -  U.  /  *' 


1  hp=76.04  kg-m/s=550  ft-lb/sec 
1  metric  horsepower =0.9863  hp 
1  mph=0.4470  mps  x  ,  : 

\  mps=2.2369  mph  X* «  ‘ 


S.  NUMERICAL  RELATIONS 

llb=0.4536kg  '  V  : 

•I  kg=2  2046  lb  . 

1  mi=  1,609.35  m=5, 280  ft  ,  T 

'  :  v  l  m=3.2808ft  • ;;  i  v  •v:  ':y 


.  •  .  f  '  . 


;  .'n  ' 


3  ..  yl  v  >  / 


vy  -33 y?’..;:' 


